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(54) LUMINESCENT DEVICE AND METHOD FOR MANUFACTURING THE SAME, AND DISPLAY 
AND ILLUMINATOR COMPRISING THE SAME 



(57) An organic light-emitting device 1 0 has the con- 
stitution in which an emission region 3 between an an- 
ode 2 and a cathode 4 is laminated on a substrate 1. 
The emission region 3 includes polymer 3A, luminous 
molecules 3G which are material contributable to emis- 
sion, and charge transport material 3F 

The luminous molecules 3G and the charge trans- 
port material 3F are high in concentration at a side close 



to the cathode 4 and low in concentration at a side close 
to the anode 2 in a layer thickness direction of the emis- 
sion region 3. The organic light-emitting device can be 
formed by luminous material, or luminous material and 
charge transport material being penetrated into poly- 
mer, or polymer in which charge transport material is dis- 
persed, thus providing highly improved luminous effi- 
ciency and at the same time facilitating the patterning. 



FIG. 1 
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Description 
Technical Field 

5 [0001] The present invention relates to a light-emitting device used as a flat light source and a flat display. 
Background Art 

[0002] Electric field light-emitting devices, which have self-luminous property and thus high visibility and excellent 
10 j display-capability andvenable high speed response and low-profile, are now attracting the artent ion as displays for flat ^ 
displays and the like. 

[0003] Among others, an organic EL device, using organic compound as phosphor, has characteristic features, as 
compared with inorganic EL device, that it can be driven at a low voltage, that it can easily produce an enlarged area, 
and that it can easily produce a desired luminous color by an appropriate choice of coloring matter and, accordingly, 

15 the organic EL device is now vigorously developing as a next-generation display. 

[0004] The EL device using the organic phosphor generates blue luminescence for example, through the application 
of a voltage of 30 volts to an anthracene evaporated film having thickness of 1 m or less (Thin Solid Films, 94(1982) 
171). However this device fails to produce sufficient luminance even when a high voltage is applied thereto, so that it 
is required lo be further improved to have higher luminous efficiency. 

20 [0005] In regard to this ; Tang et al. teaches that transparent electrodes (anode), a hole transport layer, an emission 
region having electron transport capabilities, cathode using metal of low work function are laminated for reduction in 
voltage and improvement in luminous efficiency, to thereby produce luminance of 1 ,000 cd/m 2 through the application 
of a voltage of 10V or less (Appl. Phys. Lett. 51 (1987) 913). Used as the phosphor is tris (8-quinolinolato) aluminum 
complex (hereinafter it is referred to as "Alq"). The Alq is an excellent luminophor having both high luminous efficiency 

25 and high electron transport capability. 

[0006] Further, a device having a three-ply structure wherein an emission region is sandwiched between a hole 
transport layer and an electron transport layer and a device that obtains luminescence from coloring matter (coumarin 
derivative or fluorescent dye, such as DCM1 : used to the Alq) doped in the emission region is reported (Jpn. J. Appl. 
Phys., 27 (1988) L269 and J. Appl. Phys., 65(1 989) 3610). The report says that it is discovered that an adequate choice 

30 of the coloring matter can allow luminous color to change and can produce improved luminous efficiency, as compared 
with the non-doped one. 

[0007] In the devices constructed above, all layers are formed by dry process such as a vacuum evaporation method. 
On the other hand, the method has been proposed of producing the device in the so-called wet deposition process 
such as a spin coat method and a cast method (Japanese Laid-open (unexamined) Patent Publications No. Hei 3-790 

35 and No. Hei 3-171590). 

[0008] In this method, at least one material for forming the hole transport layer, the electron transport layer and the 
emission region is dissolved in appropriate solvent, together with polymer binder. Then, that solution is applied onto 
the electrode to form the emission region and, thereafter, a further electrode is formed on the emission region in the 
evaporation method or a like method. Hereinafter, the organic light-emitting device thus produced is called "polymer 

40 dispersed light-emitting device", in contrast to the conventional laminated light-emitting device. 

[0009] When comparing with the organic light-emitting device produced by the dry process, the polymer dispersed 
light-emitting device has the following advantages. 

(1) Even the material for which it is hard to be deposited in the dry process such as evaporation can be used; 
45 (2) Even the doping of minute amounts for which it is hard to be controlled in the dry process can be performed 

with ease; 

(3) An enlarged area can be produced with ease; 

(4) The device can be produced at low costs; 

(5) Simultaneous luminescence from luminous molecules is enabled with ease through the introduction of a number 
so of luminous molecules (white luminescence is enabled); and 

(6) In the conventional laminated light-emitting device, the layers are each in the amorphous state. In contrast to 
this, in the polymer dispersed light-emitting device, the materials are dispersed in the polymer binder. Accordingly, 
the latter is thermally stable as compared with the former. 

55 [0010] The conventional polymer dispersed light-emitting devices comprise the emission region in which perinone 
derivative or tris (8-quinolinolato) aluminum used as the luminous molecules is dispersed in polyvinyl carbazol or the 
emission region in which tris (8-quinolinolato) aluminum and tetraphenyl benzidine used as the luminous molecules 
are dispersed in polycarbonate (Japanese Laid-open (unexamined) Patent Publications No. Hei 3-790, No. Hei 
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3-171590). 
(First problem) 

5 [0011] The polymer dispersed light-emitting device has the advantages mentioned above, while on the other hand, 
it has the disadvantage that it is low in luminous efficiency, as compared with the conventional laminated light-emitting 
device. 

[0012] Specifically, in the laminated light-emitting device, holes are injected from the anode to the hole transport 
layer, and electrons are injected from the cathode to the emission region of the electron transport capability or the 

10 electron transport layer. When these holes and electrons are recombined in the emission region, excitons are formed, 
and when the excitons are caused to transition to the ground state, the emission takes place. It is to be noted that the 
electron transport and the hole transport are functionally separated from each other, so that the recombination of the 
electron and hole takes place only in the vicinity of an interface between the adjoining layers. This can produce the 
efficient production of the excitons and thus improved luminous efficiency. 

is [0013] Further, through an appropriate choice of the material of the layers adjoining the respective electrodes to 
minimize injection barriers between the anode and the cathode, the injection of the hole and the electron can be facil- 
itated, and as such can allow the drive at a low voltage. 

[0014] In contrast to this, the polymer dispersed light-emitting device mainly comprises a monolayer, so that the 
recombination of the hole and electron and the production of the excitons do not take place locally, differently from the 
20 laminated light-emitting device mentioned above. In addition, the barriers for the hole and the electron to be injected 
from the electrodes are high. These facts make it difficult to improve luminous efficiency. 

[0015] Thus, the emission site is dispersed over the whole emission region, so that it is hard to balance the injection 
of the hole and electron and the transport of the same. As a result of this, the probability of the recombination reduces, 
such that sufficient luminous efficiency is not produced. This indicates that collection of the recombination region of 

25 the hole and electron into a specific region leads up to improvement in luminous efficiency. 

[0016] Though the method of laminating the functionally separated layers is of effective, as mentioned above, in a 
polymeric system formed by coating, solvent contained in polymer solution of a second layer to be laminated over a 
first deposited layer must be chosen to prevent the first deposited layer from being dissolved in that solvent. 
[001 7] In addition, as the laminated layers increase in number, the need to choose the solvent and the need to choose 

30 the material soluble in that selected solvent arise increasingly. This arises the problem that the range of choice for the 
material is further narrowed, thus hindering the effectively improved efficiency. 



(Second problem) 

35 [001 8] Further, the polymer dispersed light-emitting device involves the problem that when a color panel is produced, 
it is difficult to do'the patterning (distribution of application of color). When the color panel is produced in the dry process 
such as the vacuum evaporation method, elements of color can be formed in desired positions by an evaporation mask 
being set on a substrate. In contrast to this, in the wet deposition such as the spin coat method or the cast method, 
since the emission region is formed over the whole area of the substrate, the above-mentioned patterning cannot be 

40 performed. 

[0019] In regard to this, the patterning using an ink-jet method has been proposed (e.g. Japanese Laid-open (unex- 
amined) Patent Publication No. Hei 10-12377). This proposes that material of the emission region including polymer 
or the precursor of polymer is discharged from nozzles by the ink-jet method to form a desired pattern. 
[0020] However, the patterning using the conventional ink-jet method involves the problem that polymer solution or 
45 equivalent to be coated is high in viscosity, so that the nozzles of the ink head are easily plugged up and, accordingly, 
it is difficult to form a micropattern. 

[0021 ] To solve the problems mentioned above, the present invention has been made. The present invention provides 
an organic light-emitting device capable of producing highly improved luminous efficiency and at the same time facil- 
itating the patterning even in the polymer dispersed organic light-emitting device and the producing method thereof. 



50 



Disclosure of the Invention 



[0022] In the light of the current situation, a group of inventions have been made. The object of the invention is to 
provide a light-emitting device having high luminous efficiency. 
55 [0023] Although the group of inventions is based on the same or similar conception, since they are realized by way 
of different embodiments, the inventive groups are divided into the first inventive group and the second inventive group 
on the basis of their respective relevance in the specification. In the following, the contents will be explained in order 
for each division (each inventive group). 
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(First inventive group) 

[0024] After having devoted themselves to the studies in order to attain the object, the inventors of this application 
have found that i n producing a polymer dispersed light-emitting device, a polymer layer is first formed and then luminous 
5 molecules, or luminous molecules and charge transport are penetrated in the polymer layer thus formed, thereby 
producing a highly improved luminous efficiency and at the same time facilitating the patterning. 
[0025] Specifically, a first aspect of the invention is directed to a light-emitting device having an emission region 
between an anode and a cathode, wherein the emission region comprises material contributable to emission and a 
medium for containing the material, and wherein the material contributable to the emission has a substantially succes- 

i^Qp^siyeidistribut ion ^ j!f e ^2fIf2L 

[0026] A second aspect of the invention is directed to the light-emitting device as set forth in the first aspect of the 
invention, wherein the material contributable to the emission exhibits the distribution of concentration according to 
which any one of the anode side of the emission region and the cathode side thereof is higher in concentration than 
the other, and the concentration reduces from the one side toward the other side successively. 

15 [0027] With this constitution, in a region where the material contributable to the emission in the emission region is 
high in concentration, the hole injected from the anode into the emission region and the electron injected from the 
cathode into the emission region are recombined. Thus, the recombination region of the hole and the electron is col- 
lected, so that the recombination efficiency of the electron and the hole is increased and thus the luminous efficiency 
is improved. 

20 [0028] The terminology "material contributable to emission" is intended to include : for example, material that form 
organic binder, charge transport material and dimmer, excimer, or exciplex to obtain emission therefrom, in addition to 
the luminous molecules that emit light by the injection of electric charge as shown in Embodiments as will be mentioned 
later. It is noted here that the terminology of the dimmer means material combined with the organic binder or the charge 
transport material in the ground state and the terminology of the excimer and the exciplex means material caused to 

25 react with the organic binder or the charge transport material in the excitation state caused by the injection of the charge. 
[0029] A third aspect of the invention is directed to the light emitting device as set forth in the first aspect of the 
invention, wherein the emission region further comprises charge transport material. 

[0030] The charge transport capabilities in the emission region are further improved and thus the recombination 
efficiency of the electron and the hole is improved. 
30 [0031] A fourth aspect of the invention is directed to the light-emitting device as set forth in the third aspect of the 
invention, wherein the charge transport material has a substantially successive distribution of concentration from the 
anode side of the emission region toward the cathode side thereof. 

[0032] With this constitution, a region large in hole transport capability and a region large in electron transport ca- 
pability are formed in the emission region, as viewed in a direction extending from the anode side to the cathode side 

35 (layer thickness direction), so that the recombination efficiency of the electron and the hole is improved. 

[0033] A fifth aspect of the invention is directed to a light-emitting device having a charge transport region between 
an anode and a cathode, wherein the charge transport region comprises charge transport material and a medium for 
containing the charge transport material, and wherein the charge transport material has a substantially successive 
distribution of concentration from the cathode side of the charge transport region toward the anode side thereof. 

40 [0034] With this constitution, a region large in hole transport capability and a region large in electron transport ca- 
pability are formed in the emission region, so that the recombination efficiency of the electron and the hole is improved. 
In the constitution above, the charge transport region has luminescent properties and thus doubles as the emission 
region. 

[0035] A sixth aspect of the invention is directed to the light-emitting device as set forth in the first aspect of the 
45 invention, wherein the emission region includes a region where the material contributable to the emission is not present. 
[0036] With this constitution, a region different in carrier transport capability is formed in the emission region, so that 
the recombination efficiency of the electron and the hole is further improved and thus the luminance efficiency is im- 
proved. 

[0037] A seventh aspect of the invention is directed to the light-emitting device as set forth in the first aspect of the 
50 invention, wherein a part of the emission region that exhibits the maximum concentration of the material contributable 
to the emission is away from the anode and the cathode. 

[0038] The reason that the part of the emission region that exhibits the maximum concentration of the material con- 
tributable to the emission is away from the both electrodes is that when the material contributable to the emission is 
close to the anode or the cathode, there is the possibility that the material contributable to the emission may be extin- 
55 guished without emitting. The part of the emission region that exhibits the maximum concentration of the material 
contributable to the emission is preferable at a substantially immediate position between the anode and the cathode. 
[0039] An eighth aspect of the invention is directed to the light-emitting device as set forth in the fifth aspect of the 
invention, wherein the charge transport region includes a region where the charge transport material is not present. 
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[0040] With this constitution, in the boundary between the region where the charge transport material is present and 
the region where the charge transport material is not present a region, the recombination efficiency of the electron 
injected from the cathode and the hole injected from the anode is further improved and thus the luminance efficiency 
is improved. 

5 [0041] A ninth aspect of the invention is directed to the light-emitting device as set forth in the fifth aspect of the 
invention , wherein a part of the charge transport region that exhibits the maximum concentration of the charge transport 
material is away from the anode and the cathode. 

[0042] A tenth aspect of the invention is directed to the lighting device using the light-emitting device as set forth in 
the first aspect of the invention. 

10 [0043] With this constitution, the lighting device having improved luminance efficiency can be provided. 

[0044] An 11th aspect of the invention is directed to a light-emitting device having an emission region between an 
anode and a cathode, wherein the emission region comprises material contributable to emission and a medium for 
containing the material, and wherein the material contributable to the emission has a distribution of concentration that 
reduces substantially successively in a direction parallel to a surface of the cathode and a surface of the anode from 

15 a substantially center of the emission region toward a periphery thereof. 

[0045] A 12th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 
invention, wherein there are provided a number of materials contributable to the emissions and are adjacently arranged 
in a direction parallel to a surface of the cathode and a surface of the anode, and wherein the materials contributable 
to the emissions are different from each other in luminous color. 

20 [0046] With this constitution, since the concentration is low in regions in the vicinity of the boundaries between the 
materials contributable to the emission, the materials contributable to the emission are prevented from being mixed 
with each other. Thus, the light-emitting device that provides excellent full color display capability with little color mixture 
is produced. 

[0047] A 13th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 
25 invention, wherein the emission region further comprises charge transport material. 

[0048] A 14th aspect of the invention is directed to the light-emitting device as set forth in the 13th aspect of the 
invention, wherein the charge transport material has a distribution of concentration that reduces in the direction parallel 
to the surface of the cathode and the surface of the anode from the substantially center of the emission region toward 
the periphery thereof. 

30 [0049] A 15th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 
invention, wherein the material contributable to the emission has a substantially successive distribution of concentration 
from the cathode side of the emission region toward the anode side thereof. 

[0050] With this constitution, since the material contributable to the emission is made to have the distribution of 
concentration so that the recombination region of the hole and the electron is collected, the recombination efficiency 
35 of the electron and the hole is improved and thus the luminance efficiency is improved. 

[0051] A 16th aspect of the invention is directed to the light-emitting device as set forth in the 14th aspect of the 
invention, wherein the charge transport material has a substantially successive distribution of concentration from the 
cathode side of the emission region toward the anode side thereof. 

[0052] With this constitution, the recombination efficiency of the electron and the hole is further improved and thus 
40 the luminance efficiency is improved. 

[0053] A 17th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 

invention, wherein the emission region includes a region where the material contributable to the emission is not present. 

[0054] An 18th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 

invention, wherein the medium for containing the material contributable to the emission has charge transport capability. 
45 [0055] A 19th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 

invention, wherein the medium for containing the material contributable to the emission comprises organic material. 

[0056] A 20th aspect of the invention is directed to the light-emitting device as set forth in the 11th aspect of the 

invention, wherein the medium comprises polymer. 

[0057] With this constitution in which the emission region comprises organic material, or to be more specific, polymer, 
so the organic light-emitting device having an improved efficiency is produced. 

[0058] A 21st aspect of the invention is directed to a display using the light-emitting device as set forth in the 11th 
aspect of the invention. 

[0059] With this constitution, the display having an improved luminous efficiency is provided. 

[0060] A 22nd aspect of the invention is directed to a producing method of a light-emitting device having an emission 
55 region between an anode and a cathode, the producing method comprising: a disposing step of disposing a medium 
on the anode or the cathode; and a containing step of allowing material contributable to emission to be contained in 
the medium to form the emission region. 

[0061] Since this method comprises the step of disposing the medium on the anode or the cathode and the step of 
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allowing material contributable to emission to be contained in the medium, it can provide an effective method when it 
is difficult to dispose the medium previously containing the material contributable to the emission on the anode or the 
cathode. 

[0062] A 23rd aspect of the invention is directed to a producing method of a light-emitting device having an emission 
5 region between an anode and a cathode, the producing method comprising a disposing step of disposing a medium 
containing charge transport material on the anode or the cathode; and a containing step of allowing material contrib- 
utable to emission to be contained in the medium to form the emission region. 

[0063] This method enables the charge transport material to be contained in the medium, and as such can produce 
the light-emitting device that can inject and transport the charge with efficiency. 
w [0064] A 24th aspect of the invention is directed to a producing method of a light-emitting device having an emission 
region between an anode and a cathode, the producing method comprising a disposing step of disposing a medium 
on the anode or the cathode; and a containing step of allowing material contributable to emission and charge transport 
material to be contained in the medium. 

[0065] A 25th aspect of the invention is directed to a producing method of a light-emitting device having an emission 
is region between an anode and a cathode, the producing method comprising a disposing step of disposing a medium 
containing charge transport material on the anode or the cathode; and a containing step of allowing material contrib- 
utable to emission and charge transport material to be contained in the medium. 

[0066] The charge of the charge transport material contained in the medium in the disposing step and the charge of 
the charge transport material in the containing step may be different from or identical to each other. 
20 [0067] A 26th aspect of the invention is directed to a producing method of a light-emitting device having a charge 
transport region between an anode and a cathode, the producing method comprising a disposing step of disposing a 
medium on the anode or the cathode; and a containing step of allowing charge transport materia! to be contained in 
the medium. 

[0068] A 27th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
25 23rd aspect of the invention, wherein in the containing step, the material contributable to the emission is penetrated 
into the medium, whereby it is contained in the medium. 

[0069] A 28th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
24th aspect of the invention, wherein in the containing step, the material contributable to the emission and the charge 
transport material are penetrated into the medium, whereby they are contained in the medium. 

30 [0070] This method provides the light-emitting device that enables the material contributable to the emission, or the 
material contributable to the emission and the charge transport material to have a substantially successive distribution 
of concentration from the anode side of the charge transport region toward the cathode side thereof and vice versa. 
[0071] A 29th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
23rd aspect of the invention, wherein in the containing step, solution obtained by the material contributable to the 

35 emission being dissolved in solvent is brought into contact with the medium, whereby the material is penetrated into 
the medium. 

[0072] A 30th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
24th aspect of the invention, wherein in the containing step, solution obtained by the material contributable to the 
emission and the charge transport material being dissolved in solvent is brought into contact with the medium, whereby 
40 the materials are penetrated into the medium. 

[0073] This method also provides the light-emitting device that enables the material contributable to the emission, 
or the material contributable to the emission and the charge transport material to have a substantially successive 
distribution of concentration from the anode side of the charge transport region toward the cathode side thereof and 
vice versa. 

45 [0074] A 31 st aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
27th aspect of the invention, wherein in the containing step, the material contributable to the emission is penetrated 
into the medium in an ink jet method. 

[0075] The method above allows the material contributable to he emission to penetrate into the medium in the ink- 
jet method, so that when polymer high in viscosity is used as the precursor of the medium, the need of the application 
so of the polymer solution and the material contributable to the emission in the ink-jet method can be eliminated. Therefore, 
the nozzles of the ink jet are prevented from being plugged and also fine patterns can be formed with ease. 

(Second inventive group) 

55 [0076] On the basis of the concept that collection of the luminous molecules, which were dispersed over the whole 
organic layer, to a specific region and enlargement of the surface area of the organic layer lead to improvement in 
efficiency of the polymer-based organic light emitting device, the inventors of this application disperse the luminous 
molecules on a front surface of the organic layer or in a region in the vicinity of the front surface of the same and thereby 
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solve the problems mentioned above. 

[0077] Specifically, a 32nd aspect of the invention is directed to a light-emitting device having an emission region 
between an anode and a cathode, wherein the emission region comprises material contributable to emission, and 
wherein a collecting means for collecting the material contributable to the emission to a specific region is provided 
5 between the anode and the cathode. 

[0078] To be more specific, a 33rd aspect of the invention is directed to a light-emitting device having an emission 
region between an anode and a cathode, wherein at least one of an anode side of the emission region and a cathode 
side thereof is made porous, and wherein material contributable to emission is included in a surface of the emission 
region which is made porous, 

10 [0079] A 34th aspect of the invention is directed to a light-emitting device having an emission region between an 
anode and a cathode, wherein at least one of an anode side of the emission region and a cathode side thereof is made 
porous, and wherein material contributable to emission is included in a region in the vicinity of a surface of the emission 
region which is made porous. 

[0080] With the constitutions above, the material contributable to emission is collected to a specific region, or spe- 
15 cifically, to a surface of the emission region which is made porous or to a region in the vicinity of the surface thereof 
and also the recombination region of the hole and the electron in which the material contributable to emission is present 
is enlarged. Thus, the emission with improved luminance can be produced. 

[0081] A 35th aspect of the invention is directed to the light-emitting device as set forth in the 33rd aspect of the 
invention, wherein charge transport material is included in a surface of the emission region which is made porous. 
20 [0082] A 36th aspect of the invention is directed to the light-emitting device as set forth in the 33rd aspect of the 
invention, wherein a leveled layer comprising charge transport material is provided on a surface of the emission region 
which is made porous. 

[0083] With this constitution, leakage of current is prevented and also the injection and transport of the hole or the 
electron can be performed with improved efficiency. Further, the leveled layercan permit the joint surface of the adjacent 
25 anode and cathode to be kept smooth 

[0084] A 37th aspect of the invention is directed to a light-emitting device having a charge transport region between 
an anode and a cathode, wherein at least one of an anode side of the charge transport region and a cathode side 
thereof is made porous. 

[0085] With this constitution, the charge can be injected from the electrodes (anode and cathode) into the charge 
30 transport region with improved efficiency. In this constitution, the charge transport region is a region having the lumi- 
nescent property and thus doubles as the property of the emission region. 

[0086] A 38th aspect of the invention is directed to the tight-emitting device as set forth in the 37th aspect of the 
invention, wherein the charge transport region is a hole transport region. 

[0087] A 39th aspect of the invention is directed to the light-emitting device as set forth in the 37th aspect of the 
35 invention, wherein the charge transport region is an electron transport region. 

[0088] A 40th aspect of the invention is directed to the light-emitting device as set forth in the 33rd aspect of the 
invention, wherein the emission region comprises an organic matter. 

[0089] A 41st aspect of the invention is directed to the light-emitting device as set forth in the 33rd aspect of the 

invention, wherein the emission region comprises polymer. 
40 [0090] A 42nd aspect of the invention is directed to a light-emitting device having an emission region between an 

anode and a cathode, wherein at least one of an anode side of the emission region and a cathode side thereof is 

roughened, and wherein material contributable to emission is included in a surface of the roughened emission region. 

[0091] A 43rd aspect of the invention is directed to a light-emitting device having an emission region between an 

anode and a cathode, wherein at least one of an anode side of the emission region and a cathode side thereof is 
45 roughened, and wherein material contributable to emission is included in a region in the vicinity of a roughened surface 

of the emission region. 

[0092] With these constitutions, the surface area of the recombination region of the hole and the electron where the 
material contributable to emission is present is enlarged, thus producing the emission with improved luminance. 
[0093] A 44th aspect of the invention is directed to the light-emitting device as set forth in the 42nd aspect of the 
so invention, wherein a leveled layer comprising charge transport material is provided on a roughened surface of the 
emission region. 

[0094] A 45th aspect of the invention is directed to a light-emitting device having a charge transport region between 
an anode and a cathode, wherein at least one of an anode side of the charge transport region and a cathode side 
thereof is roughened. 

55 [0095] With this constitution, the charge can be injected from the electrodes (anode and cathode) into the charge 
transport region with improved efficiency. When he emission region is located over the roughened charge transport 
region, the contact area of the emission region and the charge transport region is enhanced, so that the hole can be 
injected from the anode into the emission region with improved efficiency. 
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[0096], A 46th aspect of the invention is directed to the light-emitting device as set forth in the 45th aspect of the 
invention, wherein the charge transport region is a hole transport region. 

[0097] A 47th aspect of the invention is directed to the light-emitting device as set forth in the 45th aspect of the 
invention, wherein the charge transport region is an electron transport region. 
s [0098] A 48th aspect of the invention is directed to the light-emitting device as set forth in the 42nd aspect of the 
invention, wherein the emission region comprises an organic matter. 

[0099] A 49th aspect of the invention is directed to the light-emitting device as set forth in the 42nd aspect of the 
invention, wherein the emission region comprises polymer. 

[0100] A 50th aspect of the invention is directed to a display using the light-emitting device as set forth in the 33rd 

[0101] A 51st aspectof the inventiorTis directed to a lighting device i u smgth^ignFeT^ 
33rd aspect of the invention. 

[0102] With the constitutions above, the display and the lighting device having improved luminous efficiency can be 
provided. 

15 [01 03] A 52nd aspect of the invention is directed to a producing method of a light- emitting device having an emission 
region between an anode and a cathode, the producing method comprising a medium disposing step of disposing a 
medium on the anode or the cathode; and a porosity producing step of making at least a part of the medium porous. 
[0104] A 53rd aspect of the invention is directed to a producing method of a light-emitting device having an emission 
region between an anode and a cathode, the producing method comprising a medium disposing step of disposing a 

20 medium on the anode or the cathode; a porosity producing step of making at least one of an anode side of the medium 
and a cathode side thereof porous; and a disposing step of disposing material contributable to emission on a porous 
surface of the medium, so that the emission region is formed by the medium and the material contributable to the 
emission. 

[0105] A 54th aspect of the invention is directed to a producing method of a light-emitting device having an emission 
25 region between an anode and a cathode, the producing method comprising a medium disposing step of disposing a 
medium on the anode or the cathode; a porosity producing step of making at least one of an anode side of the medium 
and a cathode side thereof porous; a containing step of allowing material contributable to emission to be contained in 
a region in the vicinity of a porous surface of the medium, so that the emission region is formed by the medium and 
the material contributable to the emission; and a disposing step of disposing charge transport material on a porous 
30 surface of the medium. 

[0106] With this constitution, the material contributable to the emission is collected to the porous surface of the 
emission region or the region in the vicinity of the porous surface of the same and also the surface area of he recom- 
bination region of the hole and the electron is enlarged, thus providing the light-emitting device with improved luminance. 
[0107] A 55th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
35 53rd aspect of the invention, which comprises a disposing step of disposing charge transport material on a porous 
surface of the emission region. 

[0108] A 56th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
53rd aspect of the invention, which comprises a leveled layerforming step of forming a leveled layer comprising charge 
transport material on the emission region. 
40 [0109] With the constitutions above in which the leveled layer is formed over the emission region, the light-emitting 
device is provided having the capabilities that leakage of current is prevented and also the injection and transport of 
the hole or the electron can be performed with improved efficiency and further, the leveled layer can permit the joint 
surface of the adjacent anode and cathode to be kept smooth. 

[01 10] A 57th aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 
45 53rd aspect of the invention, wherein the disposing step is a step of disposing a medium containing material soluble 
in a specified solvent, and the porosity producing step is a step of eluting the material from the solvent to thereby make 
the medium porous. 

[01 1 1 ] A 58th aspect of the invention is directed to a producing method of a light-emitting device having an emission 
region between an anode and a cathode, the producing method comprising a medium disposing step of disposing a 

so medium on the anode or the cathode; and a roughening step of roughening a part of the medium. 

[0112] A 59th aspect of the invention is directed to a producing method of a light-emitting device having an emission 
region between an anode and a cathode, the producing method comprising a medium disposing step of disposing a 
medium on the anode or the cathode; a roughening step of roughening at least one of an anode side of the medium 
and a cathode side thereof; and a disposing step of disposing material contributable to emission on a roughened 

55 surface of the medium, so that the emission region is formed by the medium and the material contributable to the 
emission. 

[0113] A 60th aspect of the invention is directed to a producing method of a light-emitting device having an emission 
region between- an ahode^and a^eathode^the producing-method^comprising*aj7iedium disposing, step of disposing a 
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medium on the anode or the cathode; a roughening step of roughening at least one of an anode side of the medium 
and a cathode side thereof; and a containing step of allowing material contributable to emission to be contained in a 
region in the vicinity of a roughened surface of the medium, so that the emission region is formed by the medium and 
the material contributable to the emission. 

5 [0114] With the constitutions above, the material contributable to the emission is collected to the roughened surface 
of the emission region or the region in the vicinity of the roughened surface of the same and also the surface area of 
the recombination region of the hole and the electron where the material contributable to the emission is present is 
enlarged, thus providing the light-emitting device having the capability of producing improved luminance. 
[0115] A 61st aspect of the invention is directed to the producing method of a light-emitting device as set forth in the 

w 59th aspect of the invention, which comprises a leveled layer forming step of forming a leveled layer comprising charge 
transport material on the emission region. 

[0116] With this constitution, the light-emitting device is provided having the capabilities that leakage of current is 
prevented and also the injection and transport of the hole or the electron can be performed with improved efficiency 
and further, the joint surface of the adjacent anode and cathode can be kept smooth. 
15 [0117] A 62nd aspect of the invention is directed to the producing method of a light-emitting device as set forth in 
the 59th aspect of the invention , wherein the roughening step is a step of roughening the emission region by dry etching. 
[0118] The dry etching enables the emission region to be roughened with ease. 



20 



Brief Description of the Drawings 
[0119] 



FIG. 1 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-1 of the 
present invention; 

25 FIG. 2 shows schematic diagrams illustrating construction of an organic light-emitting device according to an em- 

bodiment 1-2 of the present invention, FIG. 2(a) is a schematic conceptual diagram of the organic light-emitting 
device and FIG. 2(b) is a sectional view taken along the arrowed line A-A of FIG. 2(a); 

FIG. 3 shows schematic sectional views illustrating the producing method of the organic light-emitting device ac- 
cording to the embodiment 1-2 of the present invention; 
30 FIG. 4 shows schematic sectional views illustrating another example of the producing method of the organic light- 

emitting device according to the embodiment 1-2 of the present invention; 

FIG. 5 is a schematic diagram illustrating a distribution of concentration of an emission region of the organic light- 
emitting device according to the embodiment 1-2 of the present invention; 

FIG. 6 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-3 of the 
35 present invention; 

FIG. 7 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-4 of the 
present invention; 

FIG. 8 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-5 of the 
present invention; 

40 FIG. 9 is a schematic sectional view of another example of the organic light-emitting device according to the em- 

bodiment 1-5 of the present invention; 

FIG. 1 0 is a schematic sectional view of yet another example of the organic light-emitting device according to the 
embodiment 1 -5 of the present invention; 

FIG. 11 is an energy level diagram of the organic light-emitting device according to the embodiment 1-5 of the 
45 present invention; 

FIG. 12 is an energy level diagram of the organic light-emitting device according to the embodiment 1-5 of the 

present invention; 

FIG. 13 is an energy level diagram of the organic light-emitting device according to the embodiment 1-5 of the 
present invention; 

so FIG. 14 is an energy level diagram of the organic light-emitting device according to the embodiment 1-5 of the 

present invention; 

FIG. 15 is a schematic sectional view of an organic light-emitting device according to an embodiment 2-1 of the 
present invention; 

FIG. 16 shows schematic sectional views illustrating the producing method of the organic light-emitting device 
55 according to the embodiment 2-1 of the present invention; 

FIG. 1 7 is a schematic sectional view showing a variant of the organic light-emitting device according to the em- 
bodiment 2-1 of the present invention; 

FIG. 18 is a schematic sectional view of an organic light-emitting device according to the embodiment 2-2 of the 



9 



NSDOCID: <EP 1143773A1_I_> 



EP 1 143 773 A1 



present invention; 

FIG. 19 shows schematic sectional views illustrating the producing method of the organic light-emitting device 
according to the embodiment 2-2 of the present invention; and 

FIG. 20 is a schematic sectional view showing an organic light-emitting device according to an embodiment 2-3 
5 of the present invention. 

Best Mode for Carrying out the Invention 

(Embodiments of First Inventive Group) 

^^tQjM ^M,,^,,^^,,..^^^ L ... . _ 

[0120] In the following, the first inventive group of the present invention will be described with reference to the ac- 
companying drawings. 

[0121] While in the embodiments illustrated below (the same applies to the second inventive group), description is 
given on an organic light-emitting device, the concept of the present invention above is applicable not only to the organic 
15 light-emitting device but also to an inorganic light-emitting device wherein an emission region is formed, for example, 
by inorganic phosphor being dispersed in an organic binder. 

[Embodiment 1-1] 

20 [0122] FIG. 1 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-1 of 
the present invention. 

[0123] As shown in FIG. 1 , an organic light-emitting device 10 comprises an anode 2 formed on a substrate 1 , a 
cathode 4 arranged in opposition to the anode 2, and an emission region 3 interposed between the anode 2 and the 
cathode 4. 

25 [0124] The emission region 3 comprises polymer 3A, luminous molecules 3G of material contributable to the emis- 
sion, and charge transport materials 3F. In FIG. 1 , only one kind of luminous molecules is shown. 
[0125] The luminous molecules 3G and the charge transport materials 3F are distributed in concentration in a layer 
thickness direction of the emission region 3 (from the anode 1 to the cathode 4). Specifically, the concentration of the 
luminous molecules 3G and the charge transport materials 3F are large at a side of the emission region 3 close to the 

30 cathode 4 (the upper side as viewed in the diagram) and are small at a side thereof close to the anode 2 (the lower 
side as viewed in the diagram). Preferably, the emission region 3 has a region in the layer thickness direction thereof 
where neither the luminous molecules 3G nor the charge transport materials 3F are provided. In other words, it is 
preferable that the emission region 3 has, at the side thereof close to the anode 2, a region where neither the luminous 
molecules nor the charge transport material exists but only the polymer 3A exists. 

35 [0126] While it is described that the luminous molecules 3G and the charge transport materials 3F are distributed in 
concentration in the layer thickness direction of the emission region, modification may be made such that only the 
luminous molecules 3G are distributed in concentration in the layer thickness direction of the emission region 3 and 
the charge transport materials 3F are uniformly distributed in the layer thickness direction thereof. 
[0127] Another modification may also be made of the organic light-emitting device, such that the emission region 3 

40 comprises only the polymer 3A and the luminous molecules 3G (not include the charge transport materials 3F) and 
the luminous molecules 3G are distributed in concentration in the layer thickness direction. 

[0128] An emission mechanism of the organic light-emitting device of the present invention is as follows. In the 
organic light-emitting device 10 shown in FIG. 1, when a positive voltage is applied to the anode 2 and a negative 
voltage is applied to the cathode 4, the hole is injected into the emission region 3 from the anode 2 and the electron 
45 is injected into the emission region 3 from the cathode 4. Then, the injected hole flows to the cathode 4 and the injected 
electron flows to the anode 2. The hole and the electron are recombined in the emission region 3, in response to which 
fluorescence or phosphorescence is emitted from the luminous molecules 3G in the emission region 3. 
[0129] The following points can be cited as major factors for determining current efficiency of the emission (emission 
efficiency for the injected current) include: 

50 

(1) Efficiency of recombination of the hole and electron for the injected current; 

(2) Efficiency of generation of the excitons of the luminous molecules sequent from the recombination; and 

(3) Efficiency of generation of luminous quantum from the excitons of the luminous molecules; 

55 [01 30] Of the factors above, (2) and (3) are practically determined by the luminous molecules' properties themselves. 
[0131] On the other hand, the efficiency of recombination of the hole and electron of (1) is most influenced by the 
balance between the hole and the electron. If the hole and the electron are badly balanced, even if they are injected 
**** from the^electrdderexcess carriers reach the opposite electrode .without being- recombined Jn„the emissjon region, 
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resulting in wasteful currents that do not contribute to the emission. 

[0132] if the mobility of the carriers in the emission region is enhanced, then the hole and the electron flow in a 
balanced manner and the luminous efficiency is improved. Specifically, it is preferable that the mobility of the hole is 
1 x 10- 7 cm 2 /V * s or more and the mobility of the electron is 5 x 10' 8 cm 2 A/ • s or more. 

5 [01 33] When viewing from the emission mechanism mentioned above, in the case where the emission region includes 
a region of high hole transportability and a region of high electron transportability with respect to the layer thickness 
direction, or specifically, in the case where the hole transportability is high on the anode side of the emission region 
and the electron transportability is high on the cathode side of the same, the hole and the electron injected from the 
anode and the cathode respectively are locally recombined in the vicinity of the interface of the both regions. 

10 [0134] Thus, when the luminous molecules 3G and the charge transport materials 3F are distributed in concentration 
in the layer thickness direction, as shown in FIG. 1, or preferably, when the emission region 3 includes a region in 
which neither the luminous molecules 3G nor the charge transport materials 3F exists, a region different in carrier 
transportability is formed in the emission region 3, so that the recombination efficiency of the above-noted (1 ) is further 
improved and the emission efficiency is also improved. 

15 

[Embodiment 1-2| 

[0135] FIG. 2 shows schematic diagrams illustrating construction of an organic light-emitting device according to an 
embodiment 1-2 of the present invention. FIG. 2(a) is a schematic conceptual diagram of the organic light-emitting 
20 device and FIG. 2(b) is a sectional view taken along the arrowed line A-A of FIG. 2(a). 

[0136] As shown in FIG. 2 : an organic light- emitting device 20 is a simple matrix type one comprising anodes 22 
formed on a substrate 21 in a striped form, an emission region 23 formed on the anodes 22, and cathodes 24 formed 
on the emission region 23 in a striped form to extend orthogonal to the anodes 22. 

[0137] The substrate 21 may be made of any material capable of supporting the organic light-emitting device 20 of 
25 the present invention . A transparent substrate made of glass or resin film such as polycarbonate, polymethyl methacr- 
ylate : and polyethylene terephthalate, or an opaque substrate made of silicon can be used as the substrate. 
[0138] At least either of the anodes 22 and the cathodes 24 must be transparent or translucent to take out the light 
generated from the emission region 23 through the either or both of the electrodes. 

[0139] While the transparent electrodes made of for example indium tin oxide (ITO) or tin oxide are often used as 
30 the anodes 22 in general, metallic electrodes made of, for example, Ni, Au, Pt, Pd, may be used. As for the ITO film, 
the deposition processes, such as a sputtering, an electron beam evaporation, an ion plating, is adopted, for the sake 
of improving the transparency or reducing the resistivity. The layer thickness is determined from a required sheet 
resistance and a required visible light transmittance, but since the organic light-emitting device is relatively large in 
drive current density the film is often used with the thickness of 1 ,000 or more, in order to reduce the sheet resistance. 
35 [0140] Laminated electrodes of metal, such as Al, Ag and Au, alloy composed of metal of low in work function and 
metal of relatively large in work function and stable, such as MgAg alloy and AILi alloy, and alloy composed of metal 
of low in work function and metal of high in work function, such as Li/AI and LiF/Al, can be used as the cathodes 24. 
These cathodes are preferably formed in the evaporation or the sputtering. 

[0141] The anodes 22 and the cathodes 24 are the electrodes extending orthogonal to each other in the striped form. 
40 When a forward voltage is applied to selected anodes and cathodes, the emission region emits light with luminance 
corresponding to the applied voltage at the intersection points of the both of the electrodes. 

[0142] While in this embodiment, the substrate 21 , the anodes 22, the emission region 23 and the cathodes 24 are 
laminated in order from the bottom, they are not necessarily required to be laminated in this order. The order of lami- 
nation of these, from bottom to top, may be the substrate 21 , the cathodes 24, the emission region 23 and the anodes 22. 

45 [0143] If only the electrodes on the substrate 21 side or the anodes 22 are transparent and the cathodes 24 are 
opaque, then the substrate 21 is required to be transparent in order to take out the light generated. 
[0144] Next, description on the emission region 23 will be given. The emission region 23 comprises polymer 23A, 
luminous molecules (Red) 23R, luminous molecules (Green) 23G and luminous molecules (Blue) 23B. The polymer 
23A is seriated in an in-plane direction of the emission region 23, and a number of luminophors 23R, 23G, 23B are 

so adjacently arranged in the direction parallel to the cathodes 24 and the anodes 22. The luminophors 23R, 23G, 23B 
are so distributed in density as to substantially continuously reduce from around the center of the emission region to 
the periphery in the direction parallel to the cathodes 24 and the anodes 22. 

[0145] Now, description on the producing method of the organic light-emitting device according to the embodiment 
1 -2 of the present invention will be given. FIG. 3 shows schematic sectional views illustrating the producing method of 
55 the organic light-emitting device according to the embodiment 1-2 of the present invention. 

(1) First, the anodes 22 made of ITO or equivalent are formed on the substrate 21 by the deposition method such 
as the sputtering, the electron beam evaporation, and the ion plating, as shown in FIG. 3(a). 
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(2) Then,the anodes 22 are patterned into a desired pattern (the striped form in this case) as shown in FIG. 3(b). 
For example, in the case of the ITO electrode, photo resist used is patterned by use of a common photo lithography 
and then is etched by hydriodic acid or equivalent. 

(3) Then, the polymer 23A of e.g. poly-N-vinytcarbazol is deposited on the anodes 22, as shown in FIG. 3(c). 
5 Though the deposition may be performed by any of the methods, such as the evaporation, the sputtering, and the 

method of application, it is performed mainly by the method of application. To be concrete, the solution of poly-N- 
vinylcarbazol dissolved in solvent such as toluene or chloroform is applied to the substrate 1 by the spin coat 
method or equivalent. The layerthickness of the polymer 3A is preferably in the range of about 500 to about 3,000 , 
though it is not limited to any particular thickness. 

10 (4) Then, after the polymer 23A is deposited on the anodes, the luminous molecules having a desired luminous 

color is made to penetrate into a desired location, as shown in FIG. 3(d). Specifically, when a RGB full color panel 
is produced, the solution of the red luminous molecules 23R dissolved in the solvent is first discharged to drop on 
the red-color electrodes (every two electrodes) of the striped anodes 22 formed of ITO in the ink-jet method using 
the ink heads 27, so as to penetrate into them. 

15 (5) Then, the solution of the green luminous molecules 23G is discharged onto the striped green-color anodes 22 

by use of the ink heads 27 in the same manner, as shown in FIG. 3(e). 

(6) Then, the solution of the blue luminous molecules 23B is discharged onto the blue-color anodes 22 in the same 
manner, as shown in FIG. 3(f). It is to be noted that any particular limitation is not imposed on the dropping order 
of the red, green and blue luminous molecules, and the luminous molecules may be dropped in any selected order. 

20 The luminous molecules are preferably heat-treated, after dropping. The heat treatment can accelerate the pen- 

etration of the luminous molecules 23R, 23G, 23B into the polymer 23A. For further acceleration of the penetration 
of the luminous molecules into the polymer 23A, it is preferable that a polymer-23A-soluble liquid is used as the 
solvent to dissolve the luminous molecules. 

(7) Then, the striped cathodes 24 are formed to extend orthogonal to the striped anodes 22, as shown in FIG. 3 
25 (g)- The deposition is performed in the evaporation method or the sputtering using the evaporation mask having 

a desired pattern. 

[0146] While in the embodiment 1-2, the luminous molecules are penetrated into the polymer, the charge transport 
material as well as the luminous molecules may be penetrated into the polymer. Alternatively, the luminous molecules 

30 may be penetrated into the polymer in which the charge transport material is dispersed. 

[0147] The method above allows the luminous molecules 23R, 23G and 23B to penetrate into the polymer in the ink- 
jet method, so that the need of the application of the polymer solution of high viscosity in the ink-jet method can be 
eliminated. Therefore, the luminous molecules can be applied without the nozzles of the ink jet being plugged, thus 
enabling the molecules to be formed into fine patterns. 

35 [0148] Referring now to FIG. 5, description will be given on the configuration of the emission region of the organic 
light-emitting device produced in the producing method mentioned above. FIG. 5 is a schematic diagram illustrating a 
distribution of concentration of an emission region of the organic light-emitting device according to the embodiment 
1-2 of the present invention. 

[0149] The luminous molecules (Red) 23R, the luminous molecules (Green) 23G and the luminous molecules (Blue) 
40 23B are dispersed over the striped anodes 22 in the in-plane direction of the emission region 23 (in the direction parallel 
to the electrodes), and the distribution of concentration of each luminous molecule 23R, 23G and 23B becomes the 
maximum at a substantially center point over the respective anode 22 and gradually reduces toward the both ends of 
the each anode 22, as shown in FIG. 5. 

[0150] This constitution enables the luminous molecules 23R, 23G, 23B in the vicinity of their boundaries to be small 
45 in concentration. Therefore, the luminous molecules 23R, 23G, 23B are prevented from being mixed in, thus providing 
little color mixture and thus producing an excellent full color display performance. 

[0151] Further, the luminous molecules 23R, 23G, 23B are penetrated into the polymer 23A in the ink-jet method 
using the ink-jets 27, so that the concentration of the luminance molecules 23R, 23G, 23B in the emission region 23 
becomes larger on the cathode 24 side than on the anode 22 side. 
50 [0152] Consequently, the organic light-emitting device of the embodiment 1 -2 can provide increased recombination 
efficiency of the electron and the hole, to produce improved luminous efficiency, as is the case with the embodiment 
1-1 above. 

[0153] FIG. 4 shows schematic sectional views illustrating another example of the producing method of the organic 
light-emitting device according to the embodiment 1 -2 of the present invention. 
55 [0154] The procedures shown up to FIG. 4(c) are the same as those of FIG. 3 that the polymer 3A is formed over 
the substrate 1 on which the anode 2 is formed. 

[0155] Then, the luminous molecules 3R, 3G, 3B are penetrated in the polymer 3A in the following manner. 
[0156] First, after a mask 8 having opening formed only on the red-color electrode of the striped anodes 2 of ITO is 
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set on the substrate 1 , steaming is performed by use of solution of red luminous molecules dissolved in the solvent, 
as shown in FIG. 4(d), so that the red luminous molecules 3R are penetrated into the polymer at the desired locations. 
[0157] Sequentially, the green luminous molecules 3G and the blue luminous molecules 3B are penetrated in the 
same manner, as shown in FIG. 4(e), (f). It is to be noted that any particular limitation is not imposed on the steaming 
5 order of the red, green and blue luminous molecules, and the luminous molecules may be steamed in any selected 
order. Preferably, the luminous molecules are heat-treated after steamed. The heat-treatment can accelerate the pen- 
etration of the luminous molecules 3B-3D into the polymer 3A. For further acceleration of the penetration of the luminous 
molecules into the polymer 3A, it is preferable that the polymer-3A-soluble liquid is used as the solvent to dissolve the 
luminous molecules. 

10 [0158] Finally, the striped cathodes 4 are formed to extend orthogonal to the striped anodes 2 in the same manner 
as in FIG. 3. 

[01 59] While in the embodiment above, the luminous molecules are penetrated into the polymer, the charge transport 
material as well as the luminous molecules may be penetrated into the polymer. Alternatively, the luminous molecules 
may be penetrated into the polymer in which the charge transport material is dispersed. 

15 [0160] Also, the method of penetrating the luminous molecules into the polymer in the printing method can be cited 
as another example of the producing method of the organic light-emitting device according to the present invention. 
[0161 ] Specifically, in place of the luminous molecules 3R, 3G, 3B being penetrated into the polymer 3A in the steam- 
ing in FIG. 4(d)-(f), solution of the luminous molecules is applied to and penetrated into the polymer 3A by use of an 
offset printing method or a screen printing method. 

20 [0162] In this variant as well, the luminous molecules are preferably heat-treated after printed, as is the case with 
the example noted above. Further, the polymer-3A-soluble liquid is used as the solvent to dissolve the luminous mol- 
ecules. Instead of the luminous molecules being penetrated into the polymer, the charge transport material as well as 
the luminous molecules may be penetrated into the polymer. Alternatively, the luminous molecules may be penetrated 
into the polymer in which the charge transport material is dispersed. 

25 

[Embodiment 1 -3] 

[0163] FIG. 6 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-3 of 
the present invention. 

30 [0164] The embodiment 1 -3 differs from the embodiment 1-2 in that in addition to the luminous molecules 23R, 23G, 
23B, the charge transport material 23E are presented in the emission region 23. Here, the polymer 23A and the charge 
transport material 23E are seriated in the in-plane direction of the emission region 23. In other words, the charge 
transport material 23E is uniformly dispersed in the polymer 23A. The luminous molecules 23R, 23G, 23B are dispersed 
over the striped anodes 22, respectively, as is the case with the embodiment 1-2. 

35 

[Embodiment 1 -4] 

[0165] FIG. 7 is a schematic sectional view of an organic light-emitting device according to an embodiment 1-4 of 
the present invention. 

40 [0166] FIG. 7 differs from FIG. 6 in that the charge transport material 23E are not seriated in the in-plane direction 
of the emission region 23, but are distributed in concentration in the in-plane direction, as is the case with the luminous 
molecules 23R, 23G and 23B. Specifically, the charge transport material 23E are present in large concentration in a 
region where the luminous molecules 23R, 23G, 23B are large in concentration. 

45 [Commonalities among Embodiments 1 -2 to 1 -4] 

[0167] Polymer having charge transport capabilities (charge transport polymer) is preferably used as the polymeric 
material. Among others, polymer having hole transport capabilities (hole transport polymer) is preferable. Preferably, 
the hole transport polymer has the mobility of carrier of 1 x 10" 7 cm 2 A/ • s or more. Particularly preferable is poly-N- 
50 vinylcarbazol. 

[0168] When the hole transport polymer is used, the electron transport material is preferably used as the charge 
transport material. Further, it is preferable that the electron transport material has the mobility of the carrier of 5 x 
1 0- 8 cm 2 /V • s or more. Particularly preferable are oxazole derivative, oxadiazole derivative , triazole derivative, pyrazine 
derivative, aldazine derivative, quinolinol complex and derivative thereof. A content of the electron transport material 
55 to the polymer is preferably 30-120 weight%. With the electron transport material content of less than 30 weight%, the 
electron transportability is not sufficient, while on the other hand, with the electron transport material content of more 
than 120 weight%, the dispersibility into the polymer deteriorates. 

[0169] Fluophor or phosphor that exhibits luminescence in response to the recombination of the hole and electron 
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may be used as the luminous molecules. The materials that emit particularly strong fluonescence or phosphonescence, 
which may be used, include coloring matters or laser dyes, such as cyanine dye, merocyanine dye, styrylic dye, an- 
thracene derivative, porphyrin derivative, phthalocyanine derivative, coumarin, DCM and Nile red. Preferably used as 
the luminous molecule is the material having ionization potential of the luminous molecule smaller than ionization 
5 potential of the hole transport polymer and also electron affinity of the luminous molecule larger than electron affinity 
of the etectron transport material. 

[Embodiment 1 -5] 

10 [0170] FIGS. 8-10 are schematic sectional views of the organic light-emitting device according to an embodiment 
1-5 of the present invention. In FIGS. 8-10, 25 designates a hole injection layer, 26 designates an electron injection 
layer, 23G designates the luminous molecules, 23H designates hole transport material; and 23I designates electron 
transport material. 

[0171] The hole injection layer 25 is inserted for the purpose of subserving the injection of the hole from the anode 
15 22 into the emission region 23. Preferably the material used for the hole injection layer 25 has the relation among the 
ionization potential of the hole injection layer (lp(h)), the ionization potential of the polymer (lp(p)) and the ionization 
potential of the anode or the work function (lp(a)) of the anode being lp(a)<lp(h)<lp(p). It is particularly preferable that 
the hole injection layer comprises at least one material of polyaniline derivative, polythiophene derivative and amor- 
phous carbon. 

20 [01 72] The electron injection layer 26 is inserted for the purpose of subserving the injection of the electron from the 
cathode 24 into the emission region 23. Desirably, the material used for the electron injection layer 26 has the electron 
affinity or work function smaller than the work function of the cathode. It is particularly preferable that the electron 
injection layer comprises at least one material of dilithium phthalocyanine, disodium phthalocyanine and organic boron 
complex compound. 

25 [0173] The hole transport material 23H is introduced for the purpose of subserving the injection of the hole from the 
anode 22 into the emission region 23, as is the case with the hole injection layer. However, differently from the hole 
injection layer 25, the hole transport material is not inserted in between the anode 22 and the emission region 23 in 
the form of a layer, but is directly dispersed in the emission region. 

[0174] Preferably; the material used for the hole transport material 23H has the ionization potential smaller than the 

30 ionization potential of the polymer. A content of the hole transport material to the polymer is preferably 1 0-1 20 weight%. 
With the hole transport material content of less than 10 weight%, the hole cannot be injected fully, while on the other 
hand, with the hole transport material content of more than 1 20 weight%, the dispersibility into the polymer deteriorates. 
[01 75] The effects produced by the introduction of the hole injection layer 25, the electron injection layer 26 and the 
hole transport material 23H will be described with reference to the related diagrams. FIGS. 11-14 are energy level 

35 diagrams of the organic light-emitting device according to the present invention. 

[01 76] FIG. 1 1 shows an energy level diagram and an operation mechanism of an organic light-emitting device having 
the structure of anode/emission region (hole transport polymer + electron transport material + luminous molecules 
(luminescent material) )/cath ode. FIG. 12 shows an energy level diagram and an operation mechanism of an organic 
light-emitting device having the structure of anode/hole injection layerlemission region (hole transport polymer + elec- 

40 tron transport material + luminous molecule/cathode. As already noted, when a voltage is applied to the organic light- 
emitting device, the hole is injected from the anode into the emission region and the electron is injected from the 
cathode into the emission region. In more detail, as shown in FIG. 11, the both carriers are injected into the material 
of smaller injection barrier. In other words, the hole is injected into the hole transport polymer in the emission region, 
and the electron is injected into the electron transport material intheemission region. It should be noted that the smaller 

45 the injection barrier for the both carriers (hole and electron) become, the more the injection of the carriers facilitates 
and the more the driving voltage reduces. This reduction of the driving voltage can provide improved power efficiency 
for emission (emitting efficiency for input power) even when the current efficiency is identical. For example, when the 
hole injection layer having the ionization potential between the anode and the hole transport polymer is inserted, the 
hole injection barrier is relaxed, as shown in FIG. 12, and the driving voltage can also be lowered. Further, when the 

50 hole injection barrier is greater than the electron injection barrier, as shown in FIG. 11, the hole injection barrier is 
lowered so that an improved balance between the injection rate of the hole and the injection rate of the electron is 
produced, and as such can allow the current efficiency to be expectably improved by the aforesaid effects. FIG. 13 
shows an energy level diagram of an organic light-emitting device having the structure of anode/emission region (hole 
transport polymer + electron transport material + luminous molecules)/electron injection layer/cathode. As is the case 

55 with the hole injection barrier, the electron injection barrier can also be lowered by inserting the etectron injection layer 
smaller in electron affinity than the cathode, as shown in FIG. 13, thus producing reduction in driving voltage and 
improvement in luminous efficiency. FIG. 14 shows an energy level diagram of an organic light-emitting device having 
the structure of anode/emission region (hole transport polymer + hole transport material + electron transport material 
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+ luminous molecules)/cathode. In this case, since the ionization potential of the hole transport material is smaller than 
that of the hole transport polymer, the hole is directly injected into the hole transport material in the emission region 
from the anode, as shown in the diagram, so that the injection barrier is lowered, as compared with the case of the 
hole being injected into the hole transport polymer. Hence, as is the case with the structure of the hole injection layer 
5 being inserted, the driving voltage can be reduced and at the same time the current efficiency can be expectedly 
improved. 

[0177] Of course, the above-noted structures may be combined to provide the structure wherein both of the hole 
injection layer and the electron injection layer are inserted; the structure wherein the emission region comprises the 
hole transport polymer + hole transport material + electron transport material + luminous molecules and further the 
10 electron injection layer is inserted; or the structure wherein the luminous molecules and the charge transport material 
are distributed in concentration in the layer thickness direction of the emission region. 

[0178] While in the above-mentioned embodiments 1 -1 to 1-5, examples of the simple matrix organic light-emitting 
device are shown, modification may be made, such as, for example, forming the light emitting device structured as 
mentioned above on the thin film transistor to produce an active matrix display panel. 
is [0179] Now, experimental examples based on the embodiments mentioned above will be described in further detail. 

(Experimental Example 1) 

[0180] The organic light-emitting device was produced as mentioned below, in accordance with the procedures of 
20 FIG. 3 illustrated in the aforesaid Embodiment 1-1 . 

[0181] A glass substrate having thickness of 0.7mm was used as the substrate 1 and ITO was deposited thereon in 
the form of the anode 2 by the sputtering method. The ITO was deposited to have thickness of about 1 ,000 and the 
sheet resistance was set at about 1 50O/D . The ITO was patterned in the striped form having width of 300 |i m by use 
of photo lithography. 

25 [0182] Then, afterthe substrate was washed and subjected to oxygen plasma treatment, poly-N-vinylcarbazol (PVK) 
(molecular weight of about 28,000) was deposited thereon as the polymer 3A. The PVK is the hole transport polymer 
and the mobility of the carriers is about 2 x 1 0" 6 cm 2 /V • s. The deposition was performed in the spin coat method, 
using the solution in which 300mg of PVK was dissolved in 30ml of toluene. The spin coat was performed with spin in 
a closed state in the conditions of 500rpm/10sec. and of 1 ,000rpm/30sec. 

30 [0183] Then, the PVK was heat-treated at 110°C for 1 minute by use of a hot plate. It was about 1,000 in layer 
thickness. 

[0184] Then, the luminous molecules were dropped on the ITO electrodes at desired locations by use of a commer- 
cially available ink-jet printer, to form the emission region. Nile red was used as red luminous molecules (3R), coumarin 
6 was used as green luminous molecules (3G), and coumarin 47 was used as blue luminous molecules (3B). The 
35 respective luminous molecules were discharged from the ink head 7 in the form of solution in which 1 mg of luminous 
molecules were dissolved 1 0ml of chloroform. Every time the luminous molecules were dropped : they were heat-treated 
at 110°C for 1 minute by use of the hot plate. 

[0185] Finally, Li/AI laminated electrodes were deposited as the cathodes 4 by the vacuum evaporation method. The 
deposition was performed under the degree of vacuum of about 5x10' 6 Torr. First, Li was allowed to evaporate by 10 
40 at a rate of about 0.5 /sec. and then Al was allowed to evaporate by 1 ,500 at a rate of about 30 /sec. The cathodes 
was formed into the striped form orthogonal to the anodes 2 by use of the evaporation mask and having the width of 
300 |x m. 

[0186] The energy levels of the respective materials are as follows. The ionization potential of the ITO is 4.9eV, the 
ionization potential of the PVK is 5.6eV, the electron affinity is 2.0eV, the ionization potential of Nile red is 5.3eV, the 
45 electron affinity is 3.5eV, the ionization potential of coumarin 6 is 5.4eV, the electron affinity is 2.9eV, the ionization 
potential of coumarin 47 is 5.4eV, and the electron affinity is 2.5eV. The work function of Li is 2.9eV and the work 
function of Al is 4.3eV. 

[0187] When an elemental analysis of the region where the coumarin 6 was dropped was made with respect to the 
layer thickness direction, in order to examine the distribution of concentration of the luminous molecules in the emission 
so region 3, it was found that the quantity of sulfur contained only in the coumarin 6 gradually decreased from the cathode 
side toward the anode side and there were no coumarin 6 left in the vicinity of the anode. 

[0188] In the organic light-emitting device thus produced, when a forward voltage of the order of 10V was applied 
across the selected striped anode and cathode, the part (critical area) sandwiched between the both electrodes emitted 
light brightly in the respective colors corresponding to the luminous molecules (Nile red: red, coumarin 6: green, and 
55 coumarin 47: blue). Thus, the simple matrix display capable of emitting light in the desired colors at desired locations 
(critical areas) was produced. 

[0189] The current efficiency of each luminescent color (cd/A), the driving voltage at a luminance of 100cd/m 2 and 
the power efficiency (Im/W) at a luminance of 100cd/m 2 are shown in TABLE 1 . 
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TABLE 1 







Current efficiency (cd/A) 


Driving voltage (at 1 00caVm 2 )(V) 


Power efficiency (at100cd/m 2 )(lm/ 
W) 


5 




Red 


Green 


Blue 


Red 


Green 


Blue 


Red 


Green 


Blue 




Experimental 
Example 1 


1.5 


3.0 


1.7 


12.0 


11.0 


12.0 


0.4 


0.9 


0.4 


10 


Experimental 
Example 2 


3.0 


6.0 


3.4 


10.4 


9.0 


10.0 


0.9 


2.1 


1.1 




Experimental 
Example 3 


3.3 


7.2 


4.0 


9.2 


8.0 


9.0 


1.1 


2.8 


1.4 


15 


Experimental 
Example 4 


1.8 


4.1 


2.0 


10.5 


9.2 


10.3 


0.5 


1.4 


0.6 




Experimental 
Example 5 


1.9 


4.2 


2.0 


10.5 


9.0 


10.0 


0.6 


1.5 


0.6 


20 


Experimental 
Example 6 


1.9 


4.2 


2.1 


10.4 


9.0 


10.1 


0.6 


1.5 


0.7 




Experimental 
Example 7 


1.8 


4.1 


2.0 


10.5 


9.0 


10.0 


0.5 


1.4 


0.6 


25 


Experimental 
Example 8 


1.7 


4.0 


2.1 


10.2 


8.8 


9.9 


0.5 


1.4 


0.7 




Experimental 
Example 9 


1.8 


4.5 


2.2 


10.3 


8.9 


9.9 


0.5 


1.6 


0.7 


30 


Experimental 
Example 10 


3.5 


7.1 


3.8 


9.0 


7.6 


8.7 


1.2 


2.9 


1.4 




Experimental 
Example 11 


1.6 


3.2 


1.5 


12.0 


11.0 


12.1 


0.4 


0.9 


0.4 


35 


Experimental 
Example 12 


3.0 


6.1 


3.2 


10.4 


9.0 


10.1 


0.9 


2.1 


1.0 




Experimental 
Example 13 


3.4 


7.0 


4.0 


9.2 


8.0 


9.1 


1.2 


2.7 


1.4 


40 


Experimental 
Example 14 


1.5 


3.1 


1.6 


10.5 


9.2 


10.2 


0.4 


1.1 


0.5 




Experimental 
Example 15 


3.0 


6.1 


3,0 


10.5 


9.0 


10.0 


0.9 


2.1 


0.9 


45 


Experimental 
Example 16 


3.5 


7.2 


3.9 


10.4 


9.0 


10.1 


1.1 


2.5 


1.2 



(Experimental Example 2) 



[0190] In Experimental example 1, in place of the PVK being deposited as the polymer 3A. the PVK in which 2- 
so (4-biphenyl)-5-(4-tert buthylphenyl)-1 ,3,4-oxadiazole (PBD) was dispersed. The PBD is the electron transport material 
and the mobility of the carriers is about 2x 1 0^crr^/V • s. The ionization potential is 6.1eV and the electron affinity is 
2.4eV. The deposition was performed in the same conditions as those of the experimental example 1 by the spin coat 
method, using the solution in which 300mg of PVK and 1 80mg of PBD are dissolved in 30ml of solvent in which toluene 
and chloroform were mixed in the proportion 1 :1 . 
55 [0191] The properties of this device are shown in TABLE 1 . 
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(Experimental Example 3) 

[0192] In Experimental example 1, in place of the luminous molecules being dropped, the mixed solution of the 
luminous molecules and the PBD (electron transport material) was dropped. 
5 [0193] Specifically, the solution in which 1mg of Nile red + 100mg of PBD, 1mg of coumarin 6 + 100mg of PBD : and 
1mg of coumarin 47 + 100mg of PBD were respectively dissolved in 30ml of solvent in which toluene and chloroform 
were mixed in the proportion 1 :1 was dropped on the PVK by the ink jet method. 
[0194] The properties of this device are shown in TABLE 1 . 

10 (Experimental Example 4) 

[01 95] In Experimental example 1 , the hole injection layer was inserted in between the anode and the emission region . 
[0196] In short, the device was structured, as shown in FIG. 8. The hole injection layer was formed by the spin coat 
method using a commercially available polythiophene derivative, to have layer thickness of 1 50 , before the deposition 
15 of the PVK. The ionization potential of the polythiophene derivative used here is 5.3eV. 
[0197] The properties of this device are shown in TABLE 1 . 

(Experimental Example 5) 

20 [0198] As a substitution for the polythiophene derivative as the hole injection layer of the experimental example 4, 
a commercially available polyaniline derivative that exhibits equivalent ionization potential to the above-noted polythi- 
ophene derivative was used. The deposition of the polyaniline derivative was performed in the same manner as in the 
experimental example 2, to have layer thickness of 150 . 
[0199] The properties of this device are shown in TABLE 1 . 

25 

(Experimental Example 6) 

[0200] As a substitution for the polythiophene derivative as the hole injection layer of the experimental example 4, 
amorphous carbon was used. The amorphous carbon was formed to have layer thickness of 100 by the sputtering 
30 method. The ionization potential of the amorphous carbon is 5.2eV. 
[0201] The properties of this device are shown in TABLE 1 . 

(Experimental Example 7) 

35 [0202] In Experimental example 1 , the electron injection layer was inserted in between the emission region and the 
cathode. 

[0203] In short, the device was structured, as shown in FIG. 9. Dilithium phthalocyanine was used and deposited as 
the electron injection layer by the vacuum evaporation method after the luminous molecules were dropped over the 
PVK. Sequentially, Al was deposited as the cathode. The electron injection layer and the cathode were formed in the 
40 manner that after dilithium phthalocyanine was deposited 10 at a rate of about 0.3 /sec, Al was deposited 1 ,500 at a 
rate of about 30 /sec. The electron affinity of dilithium phthalocyanine is 3.0e V. 
[0204] The properties of this device are shown in TABLE 1 . 

(Experimental Example 8) 

45 

[0205] As a substitution for the dilithium phthalocyanine as the electron injection layer of the experimental example 
7, disodium phthalocyanine that exhibits equivalent electron affinity thereto was used. The deposition of the disodium 
phthalocyanine was performed in the same manner as in the experimental example 7, to have layer thickness of 1 0 . 
[0206] The properties of this device are shown in TABLE 1 . 

so 

(Experimental Example 9) 

[0207] As a substitution for the dilithium phthalocyanine as the electron injection layer of the experimental example 
7, 4,4,8,8-tetrakis (1 H-pyrazole-1 -yl) pyrazabole was used. The deposition of the 4,4,8,8-tetrakis (1H-pyrazole-1-yl) 
55 pyrazabole was performed in the same manner as in the experimental example 7, to have layer thickness of 1 0 . The 
electron affinity of the 4,4,8,8-tetrakis (1 H-pyrazole-1 -yl) pyrazabole is 2.3eV 
[0208] The properties of this device are shown in TABLE 1 . 
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(Experimental Example 10) 

[0209] In the experimental example 3, in place of PVK being deposited as the polymer 3A, the PVK in which N,N*- 
diphenyl-N,N'-bis (3-methylphenyl)-1 .V-biphenyl-^'-diamine (TPD) is dispersed as the hole transport material. In 
5 short, the device shown in FIG. 10 was produced. The ionization potential of TPD is 5.4eV\ The deposition was per- 
formed in the same conditions as those of the experimental example 1 by the spin coat method, using the solution in 
which 300mg of PVK and 180mg of PBD were dissolved in 30ml of mixed solvent in which toluene and chloroform 
were mixed in the proportion 1:1. 

[0210] The properties of this device are shown in TABLE 1 . 

10 

(Experimental Example 11) 

[0211] In accordance with the procedure of FIG. 4, the organic light-emitting device was produced. After the proce- 
dures until FIG. 4(c) were performed in the same manner as in the experimental example 1 , the luminous molecules 

is are penetrated into the polymer 3A by steaming, to form the emission region. The luminous molecules used Nile red, 
coumarin 6 and coumarin 47, as is the case with the experimental example 1. The steaming was performed in the 
following manner. First, after the mask having the openings at portions corresponding to the red-color electrodes of 
the striped anodes 2 formed of ITO was set on the substrate, the polymer was subjected to the steam generated by 
heating the solution in whichlOmg of Nile red was dissolved in 10ml of toluene. Further, it was heat-treated at 110 Q C 

20 for 1 minute by use of a hot plate. Thus, the Nile red was penetrated into the substrate at the desired positions thereof. 
Sequentially, after the mask was shifted in position so that the openings were over the green-color electrodes, the 
polymer was subjected to the steam generated by heating the solution in which 1 0mg of coumarin 6 was dissolved in 
1 0ml of toluene and further was heat-treated at 1 1 0°C for 1 minute. Sequentially, after the mask was shifted in position 
in the same manner, the polymer was treated by the steaming using the solution in which 1 Omg of coumarin 47 was 

25 dissolved in 1 0ml of toluene and further was heat-treated at 1 1 0°C for 1 minute. Finally, the Li/AI laminated electrodes 
were deposited as the cathodes 24 in the vacuum evaporation method in the same manner as in the experimental 
example 1 . 

[0212] The properties of this device are shown in TABLE 1 . 

30 (Experimental Example 12) 

[0213] In the experimental example 11 , in place of PVK being deposited as the polymer 3A, the PVK in which 2- 
(4-biphenyl)-5-(4-tert buthylphenyl)-1 ,3,4-oxadiazole (PBD) was dispersed was deposited. The deposition was per- 
formed in the same conditions as those of the experimental example 1 by the spin coat method, using the solution in 
35 which 300mg of PVK and 180mg of PBD were dissolved in 30ml of mixed solvent in which toluene and chloroform 
were mixed in the proportion 1:1. 

[0214] The properties of this device are shown in TABLE 1 . 
(Experimental Example 13) 

40 

[0215] In the experimental example 11 , in place of the luminous molecules being steamed, the mixed solution of the 
luminous molecules and the PBD was steamed. 

[0216] Specifically, the solution in which 1mg of Nile red + 100mg of PBD, 1mg of coumarin 6 + 100mg of PBD : and 
1mg of coumarin 47 + 100mg of PBD were respectively dissolved in 30ml of mixed solvent in which toluene and 
45 chloroform were mixed in the proportion 1 :1 was used and steamed on the PVK. 
[0217] The properties of this device are shown in TABLE 1 . 

(Experimental Example 14) 

so [0218] In the experimental example 1 , in place of the luminous molecules being dropped, the luminous molecules 
were penetrated in the printing method. Afterthe PVK was deposited on the substrate in the same procedure as in the 
experimental example 1 , the solution in which 1mg of Nile red was dissolved in 10mg of toluene was applied to the 
desired ITO electrodes in the screen printing method and then was heat-treated at 1 0°C for 1 minute by use of the hot 
plate. Likewise, the solution in which 1 mg of coumarin 6 and coumarin 47 were dissolved in 1 0ml of toluene was applied 

55 to the desired ITO electrodes in the screen printing method and then was heat-treated at 110°C for 1 minute by use 
of the hot plate. Finally, the Li/AI laminated electrodes were deposited as the cathodes 24 in the vacuum evaporation 
method in the same manner as in the experimental example 1 . 
[021 9] The properties of this device are shown in TABLE 1 . 
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(Experimental Example 15) 

[0220] In the experimental example 14, in place of PVK being deposited as the polymer 3A t the PVK in which 2- 
(4-biphenyl)-5-(4-tert buthytphenyl)-1 ,3,4-oxadiazole (PBD) was dispersed was deposited. The deposition was per- 
5 formed in the same conditions as those of the experimental example 1 by the spin coat method, using the solution in 
which 300mg of PVK and 180mg of PBD were dissolved in 30ml of mixed solvent in which toluene and chloroform 
were mixed in the proportion 1:1. 

[0221] The properties of this device are shown in TABLE 1 . 
10 (Experimental Example 16) 

[0222] In the experimental example 14, in place of the luminous molecules being applied in the screen printing meth- 
od, the mixed solution of the luminous molecules and the PBD was applied in the screen printing method. Specifically, 
the solution in which 1mg of Nile red + 100mg of PBD, 1mg of coumarin 6 + 100mg of PBD, and Img of coumarin 47 
15 + 1 00mg of PBD were respectively dissolved in 30ml of mixed solvent in which toluene and chloroform were mixed in 
the proportion 1:1 was applied onto the PVK in the screen printing method. 
[0223] The properties of this device are shown in TABLE 1 . 

(Embodiments of Second Inventive Group) 

20 

[0224] The light-emitting device of the second inventive group is characterized in that it comprises the emission 
region provided between the anode and the cathode and comprising material contributable to the emission and also 
comprises a collecting means, provided between the anode and the cathode, for collecting the material contributable 
to the emission into a specific region. To be more concrete, the light-emitting device comprises the emission region 
25 provided between the anode and the cathode and comprising material contributable to the emission; a porous or rough- 
ened region between the anode and the cathode; and material contributable to the emission which is arranged on as 
welt as in the vicinity of a front surface of the porous or roughened region. 

[0225] As mentioned above, the provision of the porous or roughened region can allow the material contributable to 
the emission to be collected to a specific region (on or in the vicinity of the front surface of the porous or roughened 
30 region) and also can enlarge a surface area of the hole-and-electron recombination region where the material contrib- 
utable to the emission is present. This can produce the emission with high luminance. 

[0226] The application of the light-emitting device thus constructed to a display or a lighting device can produce the 
display or lighting device having high luminance performance. 

[0227] In the following, the embodiment 2-1 illustrates the light-emitting device having the structure in which the 
35 emission region is made porous. The embodiment 2-2 illustrates the structure in which the emission region is rough- 
ened. Further, the embodiment 2-3 illustrates the structure in which the charge transport region is made porous or is 
roughened. 

[Embodiment 2-1] 

40 

[0228] FIG. 15 is a schematic sectional view of an organic light-emitting device according to an embodiment 2-1 of 
the present invention. 

[0229] As shown in FIG. 15, an organic light-emitting device 100 comprises an anode 105 formed on a substrate 
(not shown), a cathode 101 arranged in opposition to the anode 105, an emission region 109 arranged between the 
45 anode 1 05 and the cathode 1 01 , and a leveled layer 1 02 arranged between the cathode 1 01 and the emission region 
109. 

[0230] The emission region 109 comprises an organic layer 104 which is made porous on the cathode 101 side 
thereof, and luminance molecules 103 arranged on a front surface of the organic layer 104 thus made porous. 
[0231 ] Further, a leveled layer 1 02 comprising charge transport material is formed on the front surface of the organic 

so layer 104 and the cathode 101 is laminated on the leveled layer 102. 

[0232] This constitution, in which the luminous molecules 103 are collected on the front surface of the organic layer 
104 as was made porous to enlarge a surface area thereof and also the hole-and-electron recombination region in 
which the luminous molecules 103 are present is made porous to enlarge a surface area thereof, can produce the 
emission with increased luminance. In addition, the leveled layer 102 comprising the charge transport material is pro- 

55 vided on the surface of the organic layer 104 as was made porous, thus producing the results that joint surfaces of 
adjoining electrodes (cathodes 101) can be kept smooth; that leakage of current can be prevented; and that the hole 
or the electron can be injected and transported with efficiency. 

[0233] Also, the filling of the charge transport material into the porous organic layer 104 enables the hole or the 
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electron to be injected or transported with efficiency. 

[0234] The coloring matters whose quantum efficiency is nearly 1 , including laser dyes such as coumarin 6, DCM 
and phenoxazone 9, are preferably used for the luminous molecules 103. In addition to this, fused rings, such as 
naphthalene, anthracene, pyrene, and naphthacene, and derivatives thereof are also preferable. For example, rubrene 
5 has quantum efficiency of nearly 1 and is also an efficient luminous material. In addition, metal complexes, such as 
Alq and derivative thereof and beryllium benzoquinoline, are also preferable. 

[0235] The charge transport material that is filled in the porous organic layer 1 04 or forms the leveled layer 1 02 must 
transport the charge reverse in polarity to the charge transported by the porous organic layer 104. 
[0236] When the porous organic layer 1 04 is formed as the hole transport organic layer, the electron transport material 
10 is chosen as the charge transport material. On the other hand, when it is formed as the electron transport organic iayer, 
the hole transport material is chosen as the charge transport material. 

[0237] The electron transport materials that may preferably be used include low molecular weight material easy to 
enterthe interior of the porous layer. Metal complex, such as Alq and tris (4-methyl-8-quinolinolato) aluminum, electron 
deficient compound, such as 4,4,8, 8-tetrakis (1 H-pyrazole-1 -yl) pyrazabole, and 3-(2'-benzothiazolyl)-7-diethylamino- 
15 coumarin can be cited as the preferable material. Materials having the hole blocking function, such as bathocuproine 
and triazole derivative, are also preferable. 

[0238] The hole transport materials that may be preferably be used include derivative having triphenyiamine as 
fundamental skeleton. For example, tetraphenylbenzidine compound, triphenyiamine trimer and benzidine dimer dis- 
closed by Japanese Laid-open (unexamined) Patent Publication No. Hei 7-126615, various triphenyldiamine deriva- 

20 tives disclosed by Japanese Laid-open (unexamined) Patent Publication No. Hei 8-48656, and MTPD (common name: 
TPD) disclosed by Japanese Laid-open (unexamined) Patent Publication No. Hei 7-65958 are preferable. 
[0239] The hole transport material, when filled in the porous layer, can be replaced by the electron injection material. 
[0240] The electron injection materials that may preferably be used include dilithium phthalocyanine, disodium 
phthalocyanine, magnesium porphin, 4,4,8,8-tetrakis (1 H-pyrazole-1 -yl) pyrazabole disclosed by Japanese Patent Ap- 

25 plication No. Hei 11-214712. The hole injection material that may preferably used include copper phthalocyanine, 
5,10,15,20-tetraphenyl -21H,23H- porphin copper (In Embodiment 2-2 mentioned later, even when the roughened 
surface is smoothened to the order of 10nm, the electron injection material may be replaced by the charge injection 
material). 

[0241] In addition to the low molecular weight material, polymeric material may be chosen as the material to be filled 
30 in the porous layer, but since there is the possibility that the material could not be fully filled therein by only the appli- 
cation, some measurement, such as heat-treatment at glass transition point, should be taken to thoroughly penetrate 
the material into the porous layer (In Embodiment 2-2 mentioned later, the polymeric material may be chosen even for 
filling the roughened surface). 

[0242] I n consideration of making the organic layer porous, organic polymer is preferable for the material to form the 
35 organic layer 104. Particularly, when it is made to be porous, the polymer-based organic compound is chosen, since 
it is subjected to the wet etching process (In Embodiment 2-2 mentioned later, the organic polymer is preferable even 
for filling the roughened surface). 

[0243] Material for general purpose applications, such aspoly-p-phenylenevinylene(PPV), polyvinyl carbazol (PVK), 
polymethylmethacrylate (PMMA), polyfluorene and derivatives thereof can be used as the organic polymers to form 

40 the organic layer. Further, for the purpose of improving the charge transport capabilities, the electron transport material 
and the hole transport material may be mixed. The material for general purpose applications may be used. 
[0244] Preferably, the organic layer is formed to have thickness of 1 0-1 ,000nm. Preferably, the thickness of the region 
to be made porous of the organic layer falls within about one-third of the whole thickness of the organic layer, or 
particularly preferably in the range of 5-50nm. When the organic layer is reduced in thickness to 10nm or less, short- 

45 circuit is caused when a voltage is applied. On the other hand, when it is increased to 1 ,000nm or more, the applied 
voltage is increased and the luminous efficiency is reduced. Also, when the region to be made porous is more than 
one-third of the whole organic layer or more than 50nm, the organic layer is reduced in density, so that the charge 
transport performance is deteriorated and also stiffness and adhesion of the layer to the substrate is weakened. On 
the other hand, when the region to be made porous is less than 5nm, the above-mentioned effects are not easily 

50 produced (In the embodiment 2-2 mentioned later, the same applies to the region to be roughened). In the applied 
organic layer, it is necessary that the uniform layer should be formed by deposition, first, from the viewpoint of the 
injection and transport of charge. When viewed microscopically, the organic polymer layer is rough, but the term of 
"uniform layer" used herein means that the layer is uniform when viewed macroscopically. It is necessary that the 
roughness of the surface of the deposited layer should be set within 5nm at least. Making the organic polymer layer 

55 porous and rough means that the roughness of the uniformly deposited layer is further increased. 

[0245] Referring now to FIG. 16, the producing method of the organic light-emitting device will be described. FIG. 
1 6 shows schematic sectional views illustrating the producing method of the organic light-emitting device according to 
the embodiment 2-1 of the present invention. 
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(1) First, an anode 105 is formed on a substrate 106, as shown in FIG. 16(a) (Anode forming step). 

(2) Then, a medium 1 04' is disposed over the substrate 1 06, as shown in FIG. 1 6(b). The medium 1 04* means the 
coating film that is produced by the application of the solution obtained by two kinds of material, i.e., organic 
polymer and organic material that can be eluted to make the layer porous being dissolved in solvent (Medium 

5 disposing step). 

(3) Then, the medium 1 04' is dried by heating or by airstream and treated by use of the solvent that does not allow 
solubilization of the organic polymer and allows solubilization of only the organic material, so as to elute only the 
organic material, as shown in FIG. 1 6(c). Then, the region where the organic material are present is hollowed and 
thereby the organic polymer layer is made porous to thereby produce the organic layer 104 (Porosity producing 

10 step). 

In. the porosity producing step, at least a part of the organic layer 104, to be more specific, at least one of a 
part of the organic layer 1 04 on the anode 1 05 side and a part of the same on the cathode 1 01 side can be made 
porous. 

(4) Then, luminous molecules 103 are dispersed over the organic layer 104, as shown in FIG. 16(d) (Luminous 
15 molecule dispersing step). 

. (5) Then, a leveled layer 1 02 comprising the charge transport material is formed on the organic layer 1 04, as shown 
in FIG. 16(e) (Leveled layer forming step). 

(6) Then, the cathode 101 is formed on the leveled layer 102, as shown in FIG. 16(f) (Cathode forming step). 

20 [0246] The proportion of the organic material to be mixed with the organic polymer is preferable 10-50%. This is 
because when the proportion of the organic material is less than 10%, the layer (organic layer) cannot fully be made 
porous, while on the other hand, when the proportion of the organic material is more than 50%, the concentration of 
the layer is lowered, so that the charge transport capabilities of the entire layer is deteriorated and the stiffness and 
adhesion of the layer to the substrate is weakened. The proportion of the organic material is further preferably 20-30%. 

25 [0247] The organic materials that may be chosen for use include oligomer produced with low molecular weight for 
wide selection of the solvent, in addition to the organic polymer. 

[0248] The dispersion of the luminous molecules is preferably performed in the evaporation method. The luminous 
molecules may be brought into solution so that they can be steamed. In the method for penetrating the luminous 
molecules into the porous organic layer, the luminous molecules are preferably steamed after dispersed (In the em- 

30 bodiment 2-2 mentioned later as well, the luminous molecules are preferably steamed after dispersed). 

[0249] The organic light-emitting device is enabled to take out the surface emission by making at least one electrode 
transparent or translucent, Usually, the ITO (indium tin oxide) film is often used for the anode serving as the hole 
injection electrode. Tin oxide, Ni, Au, Pt and Pd can additionally be cited as the material therefor. The ITO film is formed 
by use of the deposition method, such as sputtering, electron beam evaporation and ion plating, for the purpose of 

35 improving the transparency or reducing the resistivity. The film thickness is determined from the required sheet resist- 
ance and visible light transmittance. The organic light-emitting device is relatively high in driving current density, so 
that it is often used with thickness of 1 0Onm or more in order to reduce the sheet resistance. 

[0250] An alloy comprising a metal of low work function and low electron injection barrier, such as MgAg alloy or AILi 
alloy proposed by Tang et at., and a metal of relatively large work function and stable is often used for the cathode 

40 serving as the electron injection electrode. For the purpose of the metal of low work function being deposited on the 
organic layer side to protect the metal of low work function, the metal of large work function may be laminated thickly. 
Alternatively, a laminated electrode, such as Li/AI and LiF/AI, may be used therefor. These cathodes are preferably 
formed in the evaporation method or the sputtering method. When the electron injection material, such as dtlithium 
phthalocyanine, disodium phthalocyanine, magnesium porphin, 4,4,8,8-tetrakis (1 H-pyrazote-1-yl) pyrazabole, is used 

45 for the electrode, the electrode can be formed by only the metal of large work function and stable. This makes it resistant 
to reaction such as oxidizing and thus enables an enhanced life property. 

[0251] The substrate may be formed of any material that can support the organic light-emitting device laminating the 
thin film thereon and is transparent or translucent to take out the emission generated in the organic layer. Glass such 
as Corning 1737 or polyester or other resin film may be used therefore. 
so [0252] FIG. 1 7 is a schematic sectional view showing a variant of the organic light-emitting device according to the 
embodiment 2-1 of the present invention. 

[0253] As shown in FIG . 1 7, the organic light-emitting device 1 07 has the constitution in which the luminous molecules 
103 of the material contributable to the emission are penetrated in the porous organic layer 104 in the vicinity of the 
front surface. The luminous molecules 1 03 can be penetrated in the porous organic layer 1 04 in the vicinity of the front 
55 surface by steaming. 

[0254] This constitution enables the luminous molecules 103 to be collected in the porous organic layer 104 in the 
vicinity of the front surface thereof and also enables the surface area in the hole-and-electron recombination region in 
which the material contributable to the emission to be enlarged, thus enabling the emission with high luminance. The 
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luminous molecules maybe disposed on and in the vicinity of the front surface of the organic layer 104. 
(Experimental Example 2-1) 

5 [0255] Experimental Example 2-1 illustrates an actual example of the organic light-emitting device of the embodiment 
2-1 . In the following, the description thereon will be given. 

[0256] Polyvinyl carbazol and butyral resin of low degree of polymerization (available from Sekisui Chemical Co., 
Ltd., S-LEC B, Part number BL-S) were dissolved in toluene in the proportion 80:20 by weight, to produce the solution. 
[0257] Then, the solution thus produced was deposited on the tTO-deposited glass substrate in the spin coat method 
10 to produce the organic layer having thickness of 100nm. 

[0258] The (TO substrate forming thereon the organic layer was dipped in N,N-dimethylformamide, so that only the 
butyral resin (S-LEC B) was dissolved and removed and, thereafter, it was dried at 200°C by heating, to thereby produce 
the porous organic layer. 

[0259] After the substrate was cooled down to room temperature in a vacuum chamber, the coumarin 6 of laser dyes 
15 used as the luminous molecules were dispersed on it at an evaporation rate of 0.01 nm/s for 1 0 seconds by resistance 
heating. 

[0260] Sequentially, 4,4,8,8-tetrakis (1 H-pyrazole-1 -yl) pyrazabole used as the electron injection material was evap- 
orated at the evaporation rate of 0.01 nm/s for 1 minute. 

[0261] Finally, an Al electrode was formed at the evaporation rate of1 nm/s to have layer thickness of about 1 0Onm 
20 and thereby the organic light-emitting device. 

[0262] When the section of the device was observed by SEM, it was found that the porous layer having diameter of 
the order of 3-6nm was formed and the porous region was filled with the electron injection material. When a direct 
current voltage was applied to this device for evaluation purpose, it was found that the green luminescence of coumarin 
6 was obtained and glowed on stably with current efficiency of 8.0cd/A. 

25 

TABLE 2 





Current efficiency (cd/A) 


Experimental Example 2-1 


8.0 


Experimental Example 2-2 


8.2 


Experimental Example 2-3 


7.5 


Experimental Example 2-4 


3.2 



35 (Experimental Example 2-2) 

[0263] In the organic light-emitting device of the experimental example 2-2, 4,4,8,8-tetrakis (1 H-pyrazole-1 -yl) 
pyrazabole was evaporated at the evaporation rate of 0.1 nm/s for 2 minutes to thereby produce a leveled layer, for the 
purpose of providing the leveled layer, instead of filling the porous layer with the electron injection material, in the 
40 evaporation of the electron injection material of the experimental example 2-1 . 

[0264] When the section of the device was observed by SEM, it was found that the leveled layer was formed on the 
porous layer having diameter of the order of 3-6nm. When a direct current voltage was applied to this device for eval- 
uation purpose, it was found that the green luminescence of coumarin 6 was obtained and glowed on stably with current 
efficiency of 8.2cd/A. 

45 

(Experimental Example 2-4) 

[0265] The experimental example 2-4 is for comparison with the experimental examples 2-1 and 2-2 (the organic 
layer is not made porous). 

50 [0266] Polyvinyl carbazol, 2-(4-biphenyl)-5-(4-t buthylphenyl)-1 ,3,4 -oxadiazole used as the electron transport ma- 
terial, and coumarin 6 used as the luminous molecule material were dissolved in a weight ratio of 100:40:0.2 in the 
mixed solvent with a ratio of toluene to THF of 1 :1 to produce the silution. 

[0267] Thereafter, the solution was applied to the ITO deposited glass substrate by use of the spinner, to form the 
organic layer having thickness of 100nm. The cathode comprising Li and Al of 1nm used as the electron injection 
55 electrode was formed on that organic layer, to thereby produce the organic light-emitting device. 

[0268] When a direct current voltage was applied to this device for evaluation purpose, it was found that the green 
luminescence of coumarin 6 was obtained and the current efficiency was 3.2cd/A, as shown in TABLE 2. 
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[0269] Thus, the organic light-emitting device having the organic layer as was made porous was dramatically im- 
proved in current efficiency, as compared with the one having the organic layer as was not made porous. 

[Embodiment 2-2] 

5 

[0270] Embodiment 2-2 relates to the organic light-emitting device having the structure in which the emission region 
is roughened. FIG. 18 is a schematic sectional view of an organic light-emitting device according to the embodiment 
2-2 of the present invention 

[0271 ] As shown in FIG. 1 8 , an organic light-emitting device 1 1 0 comprises the anode 1 05, the cathode 1 01 arranged 
10 in opposition to the anode 105, an emission region 113 arranged between the anode 105 and the cathode 101 , and a 
leveled layer arranged between the cathode 101 and the emission region 113. 

[0272] The emission region 113 comprises an organic layer 120 which is made porous on the cathode 101 side 
thereof, and the luminance molecules 103 arranged on the roughened front surface of the organic layer 120. 
[0273] Further the leveled layer 102 comprising charge transport material is formed on the organic layer 120 and 

15 the cathode 101 is laminated on the leveled layer 102. This constitution, in which the luminous molecules 103 are 
collected on the emission region 113 (on the front surface of the organic layer 120) which is roughened to enlarge its 
surface area and also the hole-and-electron recombination region in which the luminous molecules 103 are present is 
roughened to enlarge its surface area, can produce the emission with increased luminance. It is to be noted that as is 
the case with the embodiment 2-1 , the luminous molecules may be penetrated in the organic layer in the vicinity of the 

20 front surface thereof or may alternatively be arranged on as well as in the vicinity of the front surface of the organic layer. 
[0274] Referring now to FIG. 19, the producing method of the organic light-emitting device will be described. FIG. 
19 shows schematic sectional views illustrating the producing method of the organic light-emitting device according to 
the embodiment 2-2 of the present invention. 

25 (1)The anode 105 is formed on the substrate 106 in the same manner as in the step (1) of the producing method 

as illustrated in Embodiment 2-1 (FIG. 19(a)). 

(2) Then, a coating film 1 20' of a medium is formed on the anode 1 05 by use of organic polymer forming the organic 
layer (FIG. 19(b)). 

(3) Then, the coating film 120' is etched by dry etching using e.g. a reactive ion etching (RIE) to roughen the front 
30 surface of the coating film 120' so as to form the organic layer 120 (FIG. 19(c)). 

(4) Then, the luminous molecules 1 03 are dispersed on the roughened front surface of the organic layer 1 20 (FIG. 
19(d)). The dry etching may be performed by use of a general purpose etching device such as a barrel type one 
and a parallel flat-plate type one. Depending on the state of the organic layer, Ar gas may simultaneously be 
introduced. 

35 (5) Then, the leveled layer 102 comprising the charge transport material is formed on the organic layer 120 in the 

same manner as in Embodiment 2-1 (FIG. 19(e)). 

(6) Then, the cathode 101 is formed on the leveled layer 102 (FIG. 19(f)). 
(Experimental Example 2-3) 

40 

[0275] Experimental Example 2-3 shows an actual example of the organic light-emitting device of Embodiment 2-2. 
Specifically, the solution in which polyvinyl carbazol was dissolved in toluene was deposited on the ITO-deposited 
glass substrate in the spin coat method to produce the organic layer having thickness of 100nm. 
[0276] Then, the ITO substrate forming thereon the organic layer was roughened in the dry etching device of parallel 
45 flat-plate type in the conditions of: an oxygen flow rate of 60sccm; pressure of 40mTorr; and high-frequency output 
power of 1 00W for 1 minute and then was disposed in the vacuum chamber. 

[0277] Then, the coumarin 6 of laser dyes used as the luminous molecules were dispersed on the substrate at an 
evaporation rate of 0.01 nm/s for 10 seconds in the vacuum evaporation method using the resistance heating. 
[0278] Sequentially, 4,4,8,8-tetrakis (1 H-pyrazole-1 -yl) pyrazabole used as the electron injection material was evap- 
50 orated at the evaporation rate of 0.1 nm/s for 2 minutes. 

[0279] Finally, the Al electrode was formed at the evaporation rate of 1 nm/s to have layer thickness of about 1 0Onm 
and thereby the organic light-emitting device. 

[0280] When the section of the device was observed by SEM, it was found that the roughened surface of the order 
of ± 3nm and the leveled layer formed by the electron injection material were formed in the organic layer. When a direct 
55 current voltage was appliedtothis device for evaluation purpose, it was found that the green luminescence of coumarin 
6 was obtained and glowed on stably with current efficiency of 7.5cd/A, as shown in TABLE 2. 

[0281] Thus, the organic light-emitting device shown in Experimental example 2-3 was dramatically improved in 
current efficiency by roughening the organic layer, as compared with the organic light-emitting device shown in Exper- 
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imental example 2-4. 
[Embodiment 2-3] 

5 [0282] While Embodiments 2-1 and 2-2 relate to the organic light-emitting devices having the structure in which the 
emission region is made porous or roughened to produce improved luminous efficiency, this embodiment 2-3 relates 
to the organic light-emitting device having the structure in which the charge transport region is roughened. FIG. 20 is 
a schematic sectional view showing an organic light-emitting device according to an embodiment 2-3 of the present 
invention. 
rtQw^[0283]MASiSfro wnifo 

in opposition to the anode 1 05, an emission region 1 1 7 arranged between the anode 1 05 and the cathode 1 01 , and a 
charge transport layer 116 arranged between the emission region 117 and the anode 105. 

[0284] The charge transport layer 1 1 6 is roughened at the emission region 1 1 7 side by the dry etching. In the structure 
above, the charge transport layer 11 6 is the hole transport layer. 

15 [0285] This constitution can provide an enhanced contact area of the emission region 117 and the charge transport 
region 116 and an improved injection efficiency of the holes injected from the anode 105 to the emission region 117. 
[0286] While in this embodiment, reference is given to the constitution of the charge transport region being rough- 
ened, it is needless to say that the charge transport region may be made porous to achieve the equivalent effect to 
the effect produced by roughening the charge transport region. When the charge transport layer 116 has luminescent 

20 properties, the emission region 117 is not necessarily needed, but instead at least either of the anode 105 side and 
the cathode 101 side of the charge transport layer 116 may be made porous or roughened to produce an improved 
injection efficiency of the charge from the electrode, as is the case with the above. 

Industrial Applicability 

25 

[0287] As mentioned above, the constitution of the present invention can attain the objects of the present invention 
satisfactorily. 

[0288] According to the invention of the first inventive group, the luminous molecules, or the luminous molecules 
and the charge transport material are penetrated in the polymer, or the polymer in which the charge transport material 

30 is dispersed, to thereby provide the organic light-emitting device capable of producing an improved luminous efficiency 
and at the same time facilitating the patterning even in the polymer dispersed organic light-emitting device. 
[0289] According to the invention of the second inventive group, in the polymer-based organic light-emitting device, 
the emission region, which was commonly diffused over the whole organic layer, is collected to a specific region and 
also the hole-and-electron recombination region where the luminous molecules are present is made porous or rough- 

35 ened to enlarge the surface area, to thereby produce an improved luminous efficiency. 



Claims 

40 1. A light-emitting device having an emission region between an anode and a cathode, 

wherein the emission region comprises material contributable to emission and a medium for containing the 
material, and 

wherein the material contributable to the emission has a substantially successive distribution of concentration 
45 from the anode side of the emission region toward the cathode side thereof. 

2. The light-emitting device as set forth in Claim 1 , wherein the material contributable to the emission exhibits the 
distribution of concentration according to which any one of the anode side of the emission region and the cathode 
side thereof is higher in concentration than the other, and the concentration reduces from the one side toward the 

so other side successively. 

3. The light-emitting device as set forth in Claim 1 , wherein the emission region further comprises charge transport 
material. 

55 4. The light-emitting device as set forth in Claim 3, wherein the charge transport material has a substantially succes- 
sive distribution of concentration from the anode side of the emission region toward the cathode side thereof. 

5. A light^emitting device having a charge transport region between an *anode. and a cathode, 
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wherein the charge transport region comprises charge transport material and a medium for containing the 
charge transport material, and 

wherein the charge transport material has a substantially successive distribution of concentration from the 
cathode side of the charge transport region toward the anode side thereof. 

5 

6. The light-emitting device as set forth in Claim 1 , wherein the emission region includes a region where the material 
contributable to the emission is not present. 

7. The light-emitting device as set forth in Claim 1 , wherein a part of the emission region that exhibits the maximum 
10 concentration of the material contributable to the emission is away from the anode and the cathode. 

8. The light-emitting device as set forth in Claim 5, wherein the charge transport region includes a region where the 
charge transport material is not present. 

15 9. The light-emitting device as set forth in Claim 5, wherein a part of the charge transport region that exhibits the 
maximum concentration of the charge transport material is away from the anode and the cathode. 

1 0. A lighting device using the light-emitting device as set forth in Claim 1 . 

20 11. A light-emitting device having an emission region between an anode and a cathode, 

wherein the emission region comprises material contributable to emission and a medium for containing the 
material, and 

wherein the material contributable to the emission has a distribution of concentration that reduces substantially 
25 successively in a direction parallel to a surface of the cathode and a surface of the anode from a substantially 

center of the emission region toward a periphery thereof. 

12. The light-emitting device as set forth in Claim 11 , wherein there are provided a number of materials contributable 
to the emissions and are adjacently arranged in a direction parallel to a surface of the cathode and a surface of 

30 the anode, and wherein the materials contributable to the emissions are different from each other in luminous color. - 

13. The light-emitting device as set forth in Claim 11 , wherein the emission region further comprises charge transport 
material. 

35 14. The light-emitting device as set forth in Claim 13, wherein the charge transport material has a distribution of con- 
centration that reduces in the direction parallel to the surface of the cathode and the surface of the anode from 
the substantially center of the emission region toward the periphery thereof. 

15. The light-emitting device as set forth in Claim 11 , wherein the material contributable to the emission has a sub- 
40 stantially successive distribution of concentration from the cathode side of the emission region toward the anode 

side thereof. 

16. The light-emitting device as set forth in Claim 14, wherein the charge transport material has a substantially suc- 
cessive distribution of concentration from the cathode side of the emission region toward the anode side thereof. 

45 

17. The light-emitting device as set forth in Claim 1 1 , wherein the emission region includes a region where the material 
contributable to the emission is not present. 

18. The light-emitting device as set forth in Claim 11 , wherein the medium for containing the material contributable to 
50 the emission has charge transport capabilities. 

19. The light-emitting device as set forth in Claim 11 , wherein the medium for containing the material contributable to 
the emission comprises organic material. 

55 20. The light-emitting device as set forth in Claim 11 , wherein the medium comprises polymer. 

21. A display using the light-emitting device as set forth in Claim 11 
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22. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

a disposing step of disposing a medium on the anode or the cathode; and 

a containing step of allowing material contributable to emission to be contained in the medium to form the 
emission region. 

23. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

a disposing step of disposing a medium containing charge transport material on the anode or the cathode; and 
a containing step of allowing material contributable to emission to be contained in the medium to form the 
emission region. 

is 24. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

a disposing step of disposing a medium on the anode or.the cathode; and 

a conlaining step of allowing material contributable to emission and charge transport material to be contained 
20 in the medium. 

25. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

25 a disposing step of disposing a medium containing charge transport material on the anode or the cathode; and 

a containing step of allowing material contributable to emission and charge transport material to be contained 
in the medium. 

26. A producing method of a light-emitting device having a charge transport region between an anode and a cathode, 
30 the producing method comprising: 

a disposing step of disposing a medium on the anode or the cathode; and 

a containing step of allowing charge transport material to be contained in the medium. 

35 27. The producing method of a light-emitting device as set forth in Claim 23, wherein in the containing step, the material 
contributable to the emission is penetrated into the medium, whereby it is contained in the medium. 

28. The producing method of a light-emitting device as set forth in Claim 24, wherein in the containing step, the material 
contributable to the emission and the charge transport material are penetrated into the medium, whereby they are 

40 contained in the medium. 

29. The producing method of a light-emitting device as set forth in Claim 23, wherein in the containing step, solution 
obtained by the material contributable to the emission being dissolved in solvent is brought into contact with the 
medium, whereby the material is penetrated into the medium. 

45 

30. The producing method of a light-emitting device as set forth in Claim 24, wherein in the containing step, solution 
obtained by the material contributable to the emission and the charge transport material being dissolved in solvent 
is brought into contact with the medium, whereby the materials are penetrated into the medium. 

so 31 . The producing method of a light-emitting device as set forth in Claim 27, wherein in the containing step, the material 
contributable to the emission is penetrated into the medium in an ink jet method. 

32. A light-emitting device having an emission region between an anode and a cathode, 

55 wherein the emission region comprises material contributable to emission, and 

wherein a collecting means for collecting the material contributable to the emission to a specific region is 
provided between the anode and the cathode. 
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33. A light-emitting device having an emission region between an anode and a cathode, 

wherein at least one of an anode side of the emission region and a cathode side thereof is made porous, and 
wherein material contributable to emission is included in a surface of the emission region which is made porous. 

5 

34. A light-emitting device having an emission region between an anode and a cathode, 

wherein at least one of an anode side of the emission region and a cathode side thereof is made porous : and 
wherein material contributable to emission is included in a region in the vicinity of a surface of the emission 
10 region which is made porous. 

35. The light-emitting device as set forth in Claim 33, wherein charge transport material is included in a surface of the 
emission region which is made porous. 

is 36. The light-emitting device as set forth in Claim 33, wherein a leveled layer comprising charge transport material is 
provided on a surface of the emission region which is made porous. 

37. A light-emitting device having a charge transport region between an anode and a cathode, 

wherein at least one of an anode side of the charge transport region and a cathode side thereof is made 
20 porous. 

38. The light-emitting device as set forth in Claim 37, wherein the charge transport region is a hole transport region. 

39. The light-emitting device as set forth in Claim 37, wherein the charge transport region is an electron transport region. 

25 

40. The light-emitting device as set forth in Claim 33, wherein the emission region comprises an organic matter. 

41. The light-emitting device as set forth in Claim 33, wherein the emission region comprises polymer. 

30 42. A light-emitting device having an emission region between an anode and a cathode, 

wherein at least one of an anode side of the emission region and a cathode side thereof is roughened, and 
wherein material contributable to emission is included in a surface of the roughened emission region. 

35 43. A light-emitting device having an emission region between an anode and a cathode, 

wherein at least one of an anode side of the emission region and a cathode side thereof is roughened, and 
wherein material contributable to emission is included in a region in the vicinity of a roughened surface of the 
emission region. 

40 

44. The light-emitting device as set forth in Claim 42, wherein a leveled layer comprising charge transport material is 
provided on a roughened surface of the emission region. 

45. A light-emitting device having a charge transport region between an anode and a cathode, 

45 wherein at least one of an anode side of the charge transport region and a cathode side thereof is roughened. 

46. The light-emitting device as set forth in Claim 45, wherein the charge transport region is a hole transport region. 

47. The light-emitting device as set forth in Claim 45, wherein thecharge transport region is an electron transport region. 

so 

48. The light-emitting device as set forth in Claim 42, wherein the emission region comprises an organic matter. 

49. The light-emitting device as set forth in Claim 42, wherein the emission region comprises polymer. 
55 50. A display using the tight-emitting device as set forth in Claim 33. 

51. A lighting device using the light-emitting device as set forth in Claim 33. 
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52. A producing method of a tight-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

a medium disposing step of disposing a medium on the anode or the cathode; and 
5 a porosity producing step of making at least a part of the medium porous. 

53. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

w a medium disposing step of disposing a medium on the anode or the cathode; 

a porosity producing step of making at least one of an anode side of the medium and a cathode side thereof 
porous; and 

a disposing step of disposing material contributable to emission on a porous surface of the medium, so that 
the emission region is formed by the medium and the material contributable to the emission. 

15 

54. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

a medium disposing step of disposing a medium on the anode or the cathode; 
20 a porosity producing step of making at least one of an anode side of the medium and a cathode side thereof 

porous; 

a containing step of allowing material contributable to emission to be contained in a region in the vicinity of a 
porous surface of the medium, so that the emission region is formed by the medium and the material contrib- 
utable to the emission; and 
25 a disposing step of disposing charge transport material on a porous surface of the medium. 

55. The producing method of a light-emitting device as set forth in Claim 53, which comprises a disposing step of 
disposing charge transport material on a porous surface of the emission region. 

30 56. The producing method of a light-emitting device as set forth in Claim 53, which comprises a leveled layer forming 
step of forming a leveled layer comprising charge transport material on the emission region. 

57. The producing method of a light-emitting device as set forth in Claim 53, wherein the disposing step is a step of 
disposing a medium containing material soluble in a specified solvent, and the porosity producing step is a step 

35 of eluting the material from the solvent to thereby make the medium porous. 

58. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising; 

40 a medium disposing step of disposing a medium on the anode or the cathode; and 

a roughening step of roughening a part of the medium. 

59. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

45 

a medium disposing step of disposing a medium on the anode or the cathode; 

a roughening step of roughening at least one of an anode side of the medium and a cathode side thereof; and 
a disposing step of disposing material contributable to emission on a roughened surface of the medium, so 
that the emission region is formed by the medium and the material contributable to the emission. 

50 

60. A producing method of a light-emitting device having an emission region between an anode and a cathode, the 
producing method comprising: 

a medium disposing step of disposing a medium on the anode or the cathode; 
55 a roughening step of roughening at least one of an anode side of the medium and a cathode side thereof and 

a containing step of allowing material contributable to emission to be contained in a region in the vicinity of a 
roughened surface of the medium, so that the emission region is formed by the medium and the material 
contributable to the emission. 
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61 . The producing method of a light-emitting device as set forth in Claim 59, which comprises a leveled layer forming 
step of forming a leveled layer comprising charge transport material on the emission region. 

62. The producing method of a light-emitting device as set forth in Claim 59, wherein the roughening step is a step of 
5 roughening the emission region by dry etching. 
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FIG. 4 
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FIG. 6 
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FIG. 11 
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FIG. 12 



Hole Transport Polymer 



Hole Injection Layer 



77777? 



Electron Transport Material 

— ^ 



Luminescent 
Material 



© 



41 

NSDOCID: <EP 1 143773A1_I_> 



EP 1 143 773 A1 



Hole Transport Polymer 

A 



Electron Transport 

Material 

^3 ^Electron Injection Lay 



Luminescent 
Materia] 



e 



42 



EP1 143 773 A1 



FIG. 14 



Hole Transport Polymer 



Hole Transport Material Electron Transport Material 





Luminescent 
Material 

■ © 




'////, 





NSDOCID: <EP 1 143773A1_1_> 



43 



EP 1 143 773 A1 




EP 1 143 773 A1 



FIG. 16 



(a) 




(Anode Forming Step) 



(b) 



104' 




(Medium Disposing Step) 



(c) 





104 
105 



(Porosity Producing Step) 



(e) 



10 Wl02 




(Leveled Layer Forming Step) 

«, ^> 

< f ) 103 

^^^^^^Sl02 

104 
3-105 
106 



(Cathode Forming Step) 




45 



EP 1 143 773 A1 



FIG. 17 

107 




105 



3NSDOCID: <EP 1143773A1J_> 



46 



EP 1 143 773 A1 



FIG. 18 



110 




105 



NSDOCID: <EP 1 143773A1 _l_> 



47 



EP 1 143 773 A1 



FIG. 19 



(a) 



3~105 
106 



(Anode Forming Step) 



(b) 



o 



^120' 



105 
106 



(Medium Disposing Step) 




(Roughening Step) 



(e) 103 
(Leveled Layer Forming Step) 




(f) ~ 103 



sS s,s s.sss ssvsvss 



'105 
-106 



(Cathode Forming Step) 



(d) 



" V s - > s > s s S S > 



103 

120 
105 
-106 



(Luminous Molecular Disposing Step) 



1 143773A1_I_> 



48 



EP 1 143 773 A1 



FIG. 20 



115 




105 



NSDOCID: <EP 1 143773A1_L> 



49 



EP 1 143 773 A1 



INTERNATIONAL SEARCH REPORT 


International spplicaiion Ng. 




PCT/JPOO/06971 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl' H05B33/14, HOSB33/10, H01L33/00 



According to International Patent Classification (IPC) or to both national classification and IPC 

- ■ ■■■B.^HELPSvSEARGHEDa^ ^ _ : . ..... 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl* H05B33/14, H05B33/10, K01L33/00 



Oocumcnut'iort searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shi nan Koho 1940-1996 Toroku Jitsuyo Shi nan Koho 1994-2000 

Kofcai Jiceuyo Shinan Koho 19? 1-2000 Jitsuyo shinan Torolcu Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
A 


JP, 4-357694, A (Denki Kagaku Kogyo K. K. ) , 
10 December, 1992 (10.12.92), 
Full text (Family: none) 


1-10,22-32 
11-21 


y 

A 


JP, 11-74083, A (Seiko Epson Corporation), 

16 March, 1999 (16.03.99), 

Pull text 

& WO, 99/12396, A 


1-10,22-32 
11-21 


Y 


JP, 7-235378, A (Casio Computer Co, Ltd.), 

05 September, 1995 (05.09.95), 

Full text 

fc US, 5895692, A 


22-32,33-62 




US, 6066357, A (Baseman Kodak Company), 
23 May, 2000 (23.05.00), 
Full text 

& JP, 2000-168180, A 


1-31 


Y 


JP, 8-27 9628, A (Casio Computer Co, Ltd.), 
22 October, 1996 (22.10.96), 


33-62 



[2 Further documents arc listed in the continuation of Box C. Q See patent Camily annex. 



Special categohes of cited documents: 
M A" d ocurneat defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document bat published on or after the international filing 

dale 

"L" document which may throw doubts on priority claim**} or which b 
cited to establish the publication date or another citation or other 
special reason (as spec i Tied) 

"O" document referring to on oral di*cloiure, uie. exhibition op other 
jncaoi 

"P" document published prior to the iniemaboMl filing date but liter 



"T later dccumem published after the international filing dau or 
prioriry dale and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular rclevwcr, tha claimed invention cannot be 
considered novel or conaoi be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed Invention cannot be 
considered to involve an inventive step when the document is 
combined with one or marc other such document*, such 
combination being obvious to a perron skilled in the art 
document member of the same patent family 



Da:e of the actual completion of the international search 
26 December, 2000 (26.12.00) 


Dale of mailing of the international search report 
16 January, 20C1 (16.01.01) 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/2 10 {second sheet) (July 1992) 



50 



EP 1 143 773 A1 



INTERNATIONAL SEARCH REPORT 


Internationa] application No. 

PCT/JPOO/06971 


C (Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 
A 
A 


Full text (Family! none) 

JP, 3-114197, A {NEC Corporation), 

15 May, 1991 (15.05.91) (Family; none) 

JP, 11-162640, A (Matsushita Electric Ind. Co., Ltd.], 
18 June, 1999 (18.06.99) (Family; none) . 

JP, 2000-26851, A (Mitsubishi Electric Corporation), 
25 January, 2000 (25.01.00) (Family: none) 


1-32 
33-62 

33-62 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



51 

NSDOCID: <EP 1 143773A1_I_> 



THIS PAGE BLANK (uspto) 



